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>\j^ LETTER 

I & %>\ FROM 

THE SECRETARY OF WAR, 

TRANSMITTING 

A report of the tests of iron and steel and other materials for industrial 
purposes, made with the United States testing machine during the fiscal 
year ended June 30, 1882. 



December 5, 1882. — Ordered to lie on the table and be printed. 



War Department, 
Washington City, December 4, 1882. 

The Secretary of War has the honor to transmit to the United States 
Senate a letter from the Chief of Ordnance, United States Army, dated 
November 15, 1882, accompanied with the report of the commanding 
officer of Watertown Arsenal of the tests of iron and steel, and other 
materials for industrial purposes, made with the United States testing 
machine during the fiscal year ended June 30, 1882. 

Attention is invited to the recommendations that section 3709 Ee- 
vised Statutes of the United States be so modified as to exempt the 
procurement of material for tests from the operation of its require- 
ments, and that authority be given by Congress for the frequent publi- 
cations of the results of tests in order that information of such great 
value may be quickly disseminated; also to the recommendation that 
five hundred additional copies of the accompanying report be ordered 
printed for the use of the Ordnance Office; all of which recommenda- 
tions are concurred in by this Department. 

ROBERT T. LINCOLN, 

Secretary of War. 

The President pro tempore, 

United States Senate. 



Ordnance Office, War Department, 

Washington November 15, 1882. 

Sir: I have the honor to submit herewith, for transmission to Con- 
gress, as required by law, the report of the commanding officer of Water- 
town Arseual of the tests of iron and steel, and other materials for in- 
dustrial purposes, made with the United States testing machine during 
the fiscal year endiug June 30, 1882. 

Attention is invited to the recommendation that the law (section 3709 
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Revised Statutes) requiring the procurement of supplies by contract 
after advertisement be so modified as to enable this Department to 
procure materials for tests in open market. The reasons for this are 
briefly given in this report. Under this section purchases in open mar- 
ket can only be made when the public exigency requires the immediate 
delivery. The "public exigency v is therefore one of time only, and it 
has been so construed by the Attorney-General. I respectfully recom 
mend that section 3709 be so modified as to exempt the procurement of 
material for tests from the operation of its requirements. 

It is urgently recommended that Congress be asked to authorize fre- 
quent publications of the results of tests — monthly if possible — that 
information of such great value may be quickly disseminated. The 
present report of date August 31, 1882, will hardly issue from the Public 
Printer before next spring, at the very earliest — many months subse- 
quent to the time when the results were obtained and ready for use. 

I have also to recommend that Congress be asked to have printed five 
hundred additional copies of this report for the use of this office. The 
calls for it arc many and constant, and this Bureau should be in condi- 
tion to supply a limited number to those most interested. 
Very respectfully, your obedient servant, 

8. V. BBNfiT, 
Brig. Qen.^ Chief of Ordnance. 

The Hon. Secretary of War. 



REPORT 

OF . 

TESTS OF METALS FOR INDUSTRIAL AND OTHER PURPOSES. 



Watertown Arsenal, August 31, 1882. 

Sir : I have the honor to report that during the fiscal year ended 
June 30, 1882, the Resting machine at this arsenal has been kept busily 
at work in making tests for private parties and for industrial purposes 
agreeably to the provisions of the acts of Congress governing its use. 

There have been tested during the year 1,587 specimens in all, of 
which number 855 were for private parties, and 664 were on Govern- 
ment account; the former occupied 97 days, and the latter 208 days. 
The private parties having work done were 33 in number, 2 of which 
were from Maine, 17 from Massachusetts, 3 from Rhode Island, 3 from 
New York, 2 from New Jersey, 4 from Pennsylvania, 1 from Michigan, 
and 1 from Kansas. 

The specimens tested for private parties were by no means so large, 
the most of them, that they could not be tested on private machines of 
smaller capacity $ many specimens were of quite moderate size', but the 
parties having tests to make seem to prefer to have the work done on 
the Government machine, having great confidence in the accuracy of its 
determinations and the care and faithfulness with which the work is 
performed. 

Since the 9th of March, 1882, the date of your order directing that 
all money received for making private tests be covered into the Treasury 
instead of being used to pay the expenses of making such tests, as had 
formerly been done, there has been turned into the Treasury on this' 
account the sum of $972.84. In addition to this the sum of $2,628.78 
was turned into the Treasury from the appropriations of 1881 for mak- 
ing tests for industrial purposes, this being the amount of contracts 
entered iuto for materials which were not delivered according to agree- 
ment, within the stipulated time; and of the money appropriated for the 
last fiscal year the sum of $606.76 was covered into the Treasury on 
account of similar failures of parties to comply with the terms of their 
contracts. Thus of the moneys appropriated for making tests for in- 
dustrial purposes $4,208.38 have not been used, but have been returned 
to the Treasury, mainly because of the want of promptness of contract- 
ing parties in furnishing materials for specimens to be tested agreeably 
to the terms of their contracts. This strict adherence to rules involv- 
ing the rejection of material simply for the reason that it was not 
delivered at the time agreed upon, well enough in its way, causes great 
delays in executing work which is of great importance to the country; 
and for this and other reasons it is respectfully urged that the system 
of procuring materials to be tested may be modified so as to allow 
greater facilities for obtaining the exact kind of material wanted. This 
subject will be reverted to again before the close of this report. 

The tests made during the last year have, been mainly on riveted 
joints, and on the resistance of white and yellow pines to forces of com- 
pression in the direction of the fiber, or as used for columns, or posts. 
This resistance is given in various works on the subject, as it has 
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been determined by different experimenters. The question to be deter- 
mined was whether or not the information whjeh we have on this point 
will serve as a safe and reliable rule for engineers to base their calcula- 
tions on, in tjie construction of a bridge or building. 

To solve this problem a large quantity of white and yellow pine was 
purchased in market ; the conditions to be fulfilled were that the tim- 
ber should be sound, free from sap, large and loose knots. It was pro- 
cured in April, 1881, the white pine mostly from New Hampshire, with 
some from Michigan, and was stored for more than a year in a dry, 
well- ventilated store-house, after which it was tested as single and 
compound columns composed of two, three, and four sticks, bolted 
together with keys of different thickness interposed, sometimes with 
different thickness in the same column, giving it a swell at the middle; 
191 tests of full-sized columns were made; the mosfcof them were of the 
same length, 15 feet ; the pieces were dressed, and the ends squared 
with care, so as to give an even bearing ; they were first weighed, the 
rings of growth counted, the grain noted, whether straight or not, and 
placed in the machine in a horizontal position with the greater depth 
vertical, so that the weight of the column should have no effect in 
determining its deflection ; the elastic limit, in compound columns, 
was first determined of the pieces separately, which were afterwards 
assembled, and the load increased gradually till failure took place. 

When only a limited number of tests have been made with carefully 
selected sticks of small size, there is no trouble experienced in drawing 
definite conclusions therefrom ; but as the tests increase in number and 
the size of the specimens becomes larger, the difficulty of drawing con- 
clusions increases, and with a large number of tests of specimens of 
large size, and with the ordinary imperfections of the timber, it is almost 
impossible to draw any general conclusions applicable to all timbers. 
It was found that the average load for sticks as large as those used 
was about one-half of that which is ordinarily given as the ultimate 
load for these woods; that the weak points are the knots, and in pieces 
which yield by the crashing of the fibers failure always takes place at 
the knots ; in pieces of greater length the effect of knots is less felt, 
and it cannot be clearly demonstrated to what extent they influence the 
resistance of the column ; and in very long columns, unless the knots 
occur near the middle of the length, they seem to have no appreciable 
effect in determining the direction of flexure. Some sticks were tested 
a second time after the lapse of a year or more, and in all cases a 
diminution of strength was observed on the second trial. 

A second series of tests was made on yellow pine, each increment of 
the load being permitted to remain for five minutes and then removed, 
measuring the set caused thereby. Curves have been plotted showing 
the effect of this continuance of the load, and the effect becomes more 
apparent as the ultimate strength of the timber is approached. 

In compound columns care should be exercised in selecting the sticks 
which are to form the column ; of course it would be useless to place a 
poor with a strong stick, but it is best to place the good together and 
the inferior by themselves. No attention was at first paid to this dis- 
position until experience showed the advantage to be gained by its ob- 
servance. 

To make the effect of knots in the resistance of short posts to com- 
pression more apparent, some columns, after having been tested and 
their resistance determined, were cut up and specimens of shorter lengths 
taken and tested ; the difference in the strength was very marked, as 
was to be expected. An oak column 168 inches long, which yielded 
at 4,953 pounds per square inch, showed in a specimen 32 inches long 
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cut therefrom 8,450 pounds per square inch, and another 7,794 pounds 
per square inch, which then gave way at a knot. Another post, 164 inches 
long, failed at 3,432 pounds per square inch, but a piece 32 inches long 
was cut from it which gave 6,230 pounds per square inch. A yellow- 
• pine post 143 inches long gave a resistance of 4,663 pounds per square 
inch, but a specimen 32 iuches long was taken from it which had a re- 
sistance of 6,230 pounds per square inch. Pieces of smaller size could 
doubtless have been cut from each of these which would have shown 
still greater strength, as they might have been obtained more free from 
imperfections of all kinds. Knots of even small size, firm and sound, 
exercise an inj urious effect upon the strength of timber. This was sho wii 
in a piece of spruce from which two samples were cut— one having a 
uniform, straight grain, the other two small knots; the strength of 
the former was 11 per cent, greater than the latter, A photograph gives 
some idea of the apparent insignificance of the knots in this case. 

When we come to determine the resistance of specimens having knots 
to forces of compression at right angles to the fibers of the wood, we find 
the resistance much increased, and this increase should be taken into 
account when selections for this purpose are possible. The resistance of 
specimens of a given wood as compared with others of its kind is gen- 
erally indicated by its specific gravity, but this does not always hold 
good. In yellow pines, some of those rich in turpentine have a high 
specific gravity and yet are not the strongest. The rapidity of growth 
will sometimes give indications of the strength. A rapid growth in oak 
is apt to be accompanied by an increase of strength, while the reverse 
is often true in yellow pine. 

RIVETED JOINTS. 

Testing-machines in general have not been arranged to hold con- 
veniently and rigidly fiat plates of considerable width, and consequently 
there are on record no great number of tests giving the proportions of 
resistance of such joints to the area of cross-section of metal. ^JTith 
the view of determining the much-needed data on this subject, both 
as applied to boilers, bridges, and similar structures, 1 instituted an 
extended series of experiments, commencing with the tests of ordinary 
specimens of the material used to determine its tensile strength and 
to serve as a standard of comparison for all of the succeeding tests. 
Afterward grooved specimens, 146 in number, were tested. At first the 
area of cross-section remained constant, the size of the groove varying 
from J inch to £ inch, and then the area was increased. Of these pre- 
paratory tests 214 were made. 

Experiments were instituted to determine the amount of friction that 
is caused by the pressure with which one plate is forced against its 
neighbor by the riveting. Iron and steel plates \ and f inches were used, 
held together first with one rivet and afterwards with five rivets ; and 
the shearing strength of the rivets determined. More than 100 tests 
have been made of single-riveted lap-joints of plates -J-, f, -J-, f , and £ 
inch, both of iron and steel, and double-riveted lap-joints with -J- and f 
inch plates, and single-riveted lap-joints, with a reinforced welt, with 
plates of | inch, both iron and steel. 

A portion of a locomotive boiler which had been in service for twenty- 
four years was obtained from one of the railroad companies with the 
view of determining in what way it compared with boilers made at this 
time. So far as could be detected by examination it had undergone no 
marked change, but when subjected to stress it showed a grooving of 
about \ inch deep. A photograph of the specimen was taken to show 
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the thickness to which the metal was reduced by this long-continued 
action. 

MISCELLANEOUS TESTS. 

Some iron bars which had been previously tested and showed a mean 
ultimate strength of 52,034 pounds per square inch, were tested again 
after an entire rest from eight to ten months. The mean ultimate 
strength after rest was 62,146 pounds per square inch. Such a bar was 
heated to a cherry -red heat and permitted to cool, when it was tested, 
and broke at 39,700 pounds per square inch, showing that the increase 
of strength gained by previous stress was lost by the reheating, and the 
iron had ceased to be as strong as it originally was. 

Some 2-inch round bars of single and double refined iron which could 
not be tested last year for the want of proper means to hold the bars, 
have been tested, and show that the ultimate strength of the product 
of one mill was slightly less for the single refined than the double, and 
of the other the strength was greater. 

Wrought iron I-beams have been tested to give their resistance when 
used as columns; and some short columns with one pin and one flat 
end, remnants of columns on hand, have been tested for compression. , 

With the means at my disposal 1 am able to give merely the results 
obtained by the testing machine. I have not the means of working up 
these results to show more clearly their bearing, and fit them for the 
practical use of others. 

The provision made in the machine for holding flat bars of moderate 
size, or specimens of plate, are all that can be desired, but the conven- 
iences for testing round bars of all sizes are not so perfect. The speci- 
men, if it be of a ductile material, is diminished in size, and as the 
holder does not follow up the action of the specimen, the latter is not 
held so firmly as at first, and finally is liable to slip in the die. The 
importance of being able to test specimens of round bars of all sizes 
just^as they come from the mills, was deemed so urgent that I pro- 
ceeded at considerable expense to add to the machine this important 
and necessary part. It is made throughout of steel, and from ther 
experience thus far had with it there seems to be little doubt of its 
answering the desired purpose admirably well. As yet I have prepared 
only a single set of dies for 2-inch bars ; others will have to be added 
as the necessities require and the funds will permit. The cost of this 
new holder has been $1,309. 

Mr. James E. Howard, who has had the immediate charge of the 
machine and of the tests made thereon, has performed his laborious 
duties in a manner highly acceptable to myself and the private parties 
who have had occasion to make use of the machine. His intelligent 
interest in the work, the care that he takes to insure entire accuracy of 
results, his quickness to observe all that takes place, and the skill with 
which he manages the machine, are a sure guarantee for the perfect re- 
liability of the results obtained, and persons who have been present at 
the tests of their own materials, to see for themselves that every pre- 
caution is taken to insure accuracy, have expressed themselves as en- 
tirely satisfied in every particular with the manner of conducting the 
work. 

I am indebted to Capt. John Pitman, Ordnance Department, for the 
chemical analysis of certain specimens of iron and steel, and for the 
photographs and drawings which serve to illustrate this report. The 
labor of preparing the latter has been performed by him cheerfully, 
though it has not been customary to require such work, week after week, 
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from an officer of his rank ; no alternative, however, was left me, for 
when I asked for authority to procure the services of a draughtsman and 
computer for this purpose, I was told to call upon my officers to perform 
those duties. From, this it might be argued that a high estimate was 
not placed on the services of the officers of the Department. I cannot 
believe that the Government consults its best interests by such assign- 
ments of its officers to duty. Captain Pitman can, in my opinion, be 
better employed than as a draughtsman, accomplished as he is in this par- 
ticular. I am indebted to Mr. Joseph M. Wilson, 0. E., engineer of the 
bridges and buildings of the Pennsylvania Railroad, and W. S. Thomp- 
son, C. E., for suggestions in regard to the tests, the former of riveted 
joints for bridges, &c, and the latter of wooden columns or posts. 1 
appreciate the interest that these engineers have taken in this work, 
and have profited by their suggestions. 

In my last year's report I proposed to add to this machine the neces- 
sary fixtures to enable me to make tests of torsion, and measure the 
transverse resistance of materials on this machine. Further experience 
convinces me that in place of changing this machine to adapt it to these 
several kinds of work it would be better to make new machines for 
these purposes and retain the present for those tests for which it is so 
well adapted. The only objection that has come to my knowledge in 
relation to the tests made by the Government on this machine is the 
expense attending them. This has been urged only by those who have 
had very long specimens to test ; and in order to do this work extensive 
changes had to be made in the machine to prepare it for the extraor- 
dinary demand made upon it. It requires a half day and the services 
of three additional men to remove the holders from their normal posi- 
tion so as to take in these long specimens ; and when, as it often occurs, 
they have considerable ductility, the time required to follow up a 
stretch of 40 inches or more, as has been necessary in some cases, and 
to rupture the specimen, necessarily makes the expense proportionately 
great. If, as in other machines, only specimens of nearly one size 
w6re tested, this expense of shifting from kinds of work widely dis- 
similar would not be required; but Justin proportion as the machine is 
made to do a greater variety of work, so will the cost of doing this 
work be increased from the necessity of making greater changes in the 
machine to adapt it thereto. In the selection by a certain party of a 
machine on which to do some extensive work of testing, outside con- 
siderations made it desirable that another machine than that of the 
Government should be chosen. Examination of both machines was 
made, with the view of determining which should be finally chosen ; 
and the result of the investigation led to the selection of the Govern- 
ment 'machine, as the choice of any 'other would involve too great a 
sacrifice of time and convenience to render it admissible. The wisdom 
of the choice has been made apparent by both the quantity of work as 
well as its quality ; as many as 80 tests having been made in one day, 
when the specimens varied only slightly and many measurements were 
not required. 

It almost always happens that a combination -machine is made such 
at the sacrifice of some one or more important feature, and to attempt 
to engraft on the testing machine now on hand, which will have work 
enough fo keep it busy for years to come, the means of making trans- 
verse and torsional tests, will result in providing means of making trans- 
verse and torsional tests inadequate to the wants of the country, and 
will further complicate the machine so as to increase the labor of adapt- 
ing it to these various kinds of work and thereby proportionally add to 
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the cost. I would therefore respectfully recommend that, instead of 
changing this machine to adapt it to perform any new service, it be 
retained for the uses for which it is at present prepared, and that new 
machines be built for testing transversely and by torsion. We shall 
then have the most complete means of performing economically the 
several tests to which it is desirable to subject materials according to 
the use or purpose for which they are intended, and this course will in 
the end prove not only the most convenient but also the most economy 
ical and satisfactory. 

There are one or two points in regard to which it is highly desirable 
that there should be some special legislation to render it possible to 
carry on this work to the best advantage. And first, in regard to th# 
procurement of materials. The law requiring the contract for supplies 
furnished to be given to the lowest bidder renders it impossible at 
times to procure just the kind of materials which it is desirable to test. 
I have just been testing the white and yellow pines as* they are found 
in our markets. Of these woods we know next to nothing, where they 
grew, when they were cut, of what varieties they are, what kind of soil 
furnished them, &c. It is highly important that we should make tests 
of timber in large pieces cut from trees, the complete history of which 
we can be perfectly sure of. This is not possible without some change 
in the law directing how purchases shall be made. 

So, again, it is desirable that we should test specimens of iron and 
steel made from certain ores, the history of which and the product in 
all of its details we shall have full and complete knowledge of. How 
can we have this when we must purchase of the lowest bidder and take 
his word only that we shall have what we require! 

Again, it is desirable that we shall have the means of printing the 
results of the tests without waiting some two years to have it done as 
at present ; and we also much need the means of disseminating this 
information where it is most wanted and most highly appreciated. 
There is information in this report of great interest and value to certain 
industries which will be kept in ignorance of it for two years or more 
after the tests were made, when the parties could, by a different system 
of publication, not practicable without new legislation, have been in 
possession of the main facts almost immediately after the facts were 
determined. 

Applications are constantly made to me for copies of the reports of 
the tests which have been already made. It would seem to be a very 
proper arrangement to place a given number of those reports at the 
disposal of the officer having charge of the making of the tests, to be 
disposed of on the payment of a fixed price, to enable those who have 
an interest in knowing about the tests to procure at a moderate expense 
the detailed report of them. 

I would again recommend that specimens which have been tested 
may be sold, and the proceeds used in procuring other materials for 
similar purposes, a report, of course, of all such sales to be made to 
Congress. The money appropriated for the testing of materials for in- 
dustrial purposes, so far as it has been spent, it is believed has been 
expended judiciously, economically, and for the purposes for which it 
was appropriated. The results obtained will be appreciated most by 
those who kuow most of the wants that are thereby filled, who are most 
conversant with the subject considered. A larger sum of money than 
has heretofore been granted by any annual appropriation can be ex- 
pended to great advantage to the country at large in carrying on these 
tests. This is a matter in which all are more or less intimately con- 
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cerned, as all are interested in the safety of our bridges, public builds 
ings, locomotive and steamboat boilers, &c, which may be made by 
the aid of such information as can only be obtained from such tests as 
are here referred to, both safer and more reliable, and at the same time 
less expensive than at present. 

Money is freely and wisely given for the dissemination of useful prac- 
tical knowledge in regard to any of the various branches of agriculture, 
but the people are as much interested in the development of our im- 
mense mineral resources and the improvement of our manufactured 
productions as in those of the soil. Valuable information furnished in 
reference to the former will repay as surely and promptly the cost 
attending its determination and dissemination as the latter. An en- 
lightened policy demands liberality in expenditures for each of these 
purposes, for the public need is as intimately connected with the sure, 
steady, and rapid development of the one as the other. 
Very respectfully, your obedient servant, 

T. T. S. LAIDLEY, 
Colonel of Ordnance, Commanding. 

The Chief of Ordnance. 



EEMAEKS ON EIVETED JOINTS. 

This series of tests comprises the tensile tests of joints with plates 
having a nominal thickness of J", f ", |", and £" of wrought iron and 
open hearth steel. 

The tensile test of the material itself for each thickness of plate. 

In \" plates was determined the strength of grooved specimens, the 
resistance to shearing out at rivet holes, and shearing parallel to the 
grain of the metal. Experiments upon the friction of rivets are given. 
The wrought-iron plate was furnished by one maker out of one quality 
of stock. 

The steel plates were supplied from one heat cast in ingots of the 
same size, the thin plates differing from the thicker plates only in the 
amount of reduction given the metal by the rolls. 

All joints have machine-driven rivets unless otherwise stated in the 
detailed notes. "Burden's best" iron rivets used; steel rivets made of 
mild steel of about the same quality as employed for boiler plates. 

The joint plates have plaued edges ; except where calked the metal was 
first planed and then chipped to a beveled edge. Elongations were 
measured within a gauged length of 10" including and symmetrical with 
the center line of the joint. An exception to the above location of the 
gauged length is found with the £" iron butt joints, where the 10" 
gauged length began at a point on the center line of the welt and in- 
cluded only one row of rivets. 

The recorded elongations show the slip of the joint plus the elonga- 
tion of the plates. 

The modulus of elasticity of the metal was found: Iron plate, 
31,970,000 pounds ; steel plate, 28,570,000 pounds. 

The space between the testing-machine jaws was kept at 24". Joints 
were adjusted in the jaws to compensate for the offset of the lap. As 
loads were applied observations were made to determine the amount of 
distortion indicated by the opening of the joint at the calked edge. 

In the tabulated results the manner of fracture is shown by sketches 
of the joints, and is further indicated by underscored figures in columns 
headed: Maximum strains on joint, pounds per square inch. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



s 



No. 76. 
Tensile Test, §" Steel Plate. 



CMK 

ft* 

X 

JC 



S4 



*0 



Sheet stamped T. S., 60,000 pounds. 

Sectional area, 4.46 square inches. 

Gauged length, 20". 

Free length of specimen between holders, 32". 



Loads ap- 
plied. 



Pound*. 
4,460 
22,300 
44,600 


66,900 
89, 200 


111,500 



118,000 
123.000 
125, 000 
127,000 
129, 000 
131, 000 
133, 800 



135, 000 
137,000 
139, 000 
141, 000 
143, 000 
145, 000 
147, 180 
151, 640 
156,100 
178, 400 
200, 700 
223, 000 
245, 000 




Pounds per 
square inch. 



1,000 

5, 000 
10,000 

1,000 
15,000 
20, 000 

1,000 
25,000 

1,000 



30,000 
1,000 



31, 610 



33,000 

34, 000 

35, 000 
40,000 
45,000 
50,000 
54,930 





Elongation. 



Inch. 
0. 

.0025 
.0060 



.0095 
.0130 



.0165 



.0178 
.0182 
.0188 
.0190 
.0191 
.0195 
,. 0200 



.0202 
. 0205 
.0208 
.0212 
.0255 
.0480 
.0800 
.14 
.38 
.60 
.94 
1.58 



3.70= 



Permanent 
set. 



Inch. 



0. 
6." 



0. 



Bemarks. 



Elaatio limit. 



Ultimate strength. 
18.5 per cent. 



Elongation of inch sections, ".14, ".14, ".14, ".14, ".15, ".15, ".16, "-16, 
".16, ".16, ".16, ".16, ".17, ".17, ".17, ".17, ".17, ".17, ".18, ".19, ".20, ".21, 

".23, ".25, ".29, ".34, ".44, ".57, ".96, ^ ".38. 

Minimum width at fracture, 10".06. 

Average thickness at fracture, ".19. 

Area at fracture, 1.91 square inches. Contraction of area, 57.2 %. 
Silky fracture. The specimen varied in thickness ; the elastic limit was 
passed in the minimum section first. Fracture occurred at the smaller 
end, and the elongations show the greatest stretch at this end. 

When the u Cooper lines n were first developed some appeared at right 
angles to the axis of the specimen ; others followed in diagonal lines 
from each edge, intersecting each other. 

The diagonal lines make an angle of 56° 20' with the axis of the speci- 
men. 
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The direction of fracture was diagonally across plate at an angle of 
67° 10' with the axis of the specimen. 

When the fractured ends are brought together an opening at the 
middle Temains about ".23 wide. 

SINGLE-RIVETED LAP JOINTS, J" IRON PLATE. 

No. 35. — £" Iron Plate. Joint A . 







^> 



-4 



|" iron rivets, u Burden's best." 

Punched holes : Punch, ".695 diameter ; die, ".752 diameter. 

• Square inches. 

Gross Bectional area of plate 2.425 

Net sectional area of plate 1. 55 

Bearing surface of rivets ...^ t*8 

Shearing area of rivets (".70 diameter) 1.92 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pound*. 
5,000 
8,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
5,000 
40,000 
42.000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
67,000 


Inch. 
0. 

.0009 
.0012 
.0028 
.0040 
.0059 
.0080 
.0108 


Inoh. % 


Joint opened abont ".01, or less. 
Rivet heads scale. 

Joint opened barely ".02. 
Ultimate strength. 




• 












.0030 


.0145 
.0162 
.0188 
.0212 
.0240 
.0270 
.0298 
.0345 
.0480 
.0556 
.0635 
.0735 































Failure occurred by tearing out upper plate at four rivets, as shown 
by the sketch, and by shearing one rivet, second from outside. The 
fracture first in sight appeared at the end of the plate at the calked 
side of the joint. Fractures also appeared at the end of the lap opposite 
the three middle rivets. In the under plate no fracture apparent at the 
holes. The sheared rivet had fracture started under the head. Another 
rivet was slightly fractured in the same manner. 
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Maximum load* on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 27, 630 

Tensile strain on net section of plate ; . 43, 230 

Compressive strain on bearing surface of rivets " - 76, 140 

Shearing strain on rivets * 34,900 

No. 36.— J" Iron Plate. Joint A . . 

T 




< X > 



*o 



$" iron rivets, " Burden's best." 

Punched holes : Punch, ".G95 diameter ; die, ".752 diameter. 

Square inches. 

Gross sectional area of plate 2.52 

Net sectional area of plate  1.63 

Bearing surface of rivets 895 

Shearing area of rivets (".70 diameter) 1.93 



Loads ap- 
plied. 


Elongation In 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10, 000 
15, 000 
20. 000 
25, 000 
30, 000 
35,000 

5,000 
38, 000 
40,000 
42,000 
44,000 
46, 000 
48,000 
50,000 
52,000 
54, 000 ' 
56,000 
58,000 
60, 000 
62,000 
64,000 
66, 000 
68,000 
74, 200 


Inch. 

0. 

.0009 
.0018 
.0028 ' 
.0040 
.0058 
.0078 

.0088 
.0103 
.0117 
. 0130 
.0148 
.0163 
.0198 
.0253 
.0308 
.0378 
.0458 
.0537 
.0613 
.0708 
.0800 
.0920 


Inch. 


Joint open at calking about ".01. 

Joint open about ".04 to ".05. 
Ultimate strength. 










• 


.0018 


















 



















Joint failed by shearing four rivets, and tore out upper plate at one 
end rivet.. 

Fractures started at end of lap in each plate and opposite each rivet 
but one. 

All the sheared rivets had fractures started under the heads. 

Elongation of holes from ".04 to ".08. 

Holes with the die-side in, stretching the most. 
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Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 29, 444 

Tensile strain on net section of plate 45,520 

Compressive strain on bearing surface of rivets 82, 910 

Shearing strain on rivets 38,640 

No. 41. — |" Iron Plate. Joint A A . 



T 



3 



* 



1 




*5 



i 




As^ X ^lte 



^^ P 3 =3 

|" steel rivets. 

Punched holes: Punch, ".69 diameter; die, ".75 diameter. 

Square inch. 

Gross sectional area of plate 2. 41 > 

Net sectional area of plate 1.54 

Bearing surface of rivets 0.868 

Shearing area of rivets (".70 diameter) 1.92 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5, 000 
10, 000 
15,000 
20,000 
25, 000 
30, 000 
85,000 

5,000 
38,000 
40, 000 
42,000 
44,000 
46, 000 
48, 000 
50,000 
52, 000 
54, 000 
56, 000 
58,000 
60,000 
62, 000 
64,000 
66,000 
68, 000 
70, 000 
72,000 
74, 000 
75,800 
76, 100 


Inches. 

.0 

.0012 

.0028 

.0041 

.0062 

.0090 

. 0120 


Inches. 


Perceptible starting of the joint. 
Joint open about ".00}. 

Joint open ".01. 
Joint open ".02. 

Joint open about ".03$. 

Joint open ".05. 

Ultimate strength. 












.0040 


.0149 
. 0161 
.0180 
.0210 
. 0238 
.0260 
.0289 
.0329 
.0356 
.0400 
.0438 
.0480 
.0528 
.0589 
.0650 
.0790 
.0860 
.0970 
.1080 
.1240 















































Fractures appeared first at end of upper plate opposite the outside 
rivets, shown at A , on the sketch. 
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The upper plate tore out behind three rivets; the lower plate at two 
rivets. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 31,580 

Tensile strain on net section of plate 49, 420 

compressive strain on bearing surface of rivets 87,670 

Shearing strain on rivets ...L 39,640 



No. 42. — |" Iron Plate. Joint A A . . 



1 






i 



JUS 




T 



~1 



J 






i 




|" steel rivets. 

Punched holes: Punch, ".69 diameter; die, ".75 diameter. 

Square inches. 

Gross sectional area of npper plate 2. 58 

Net sectional area of npper plate 1.65 

Bearing surface of rivets 929* 

Shearing area of rivets (".70 diameter) 1.92 



Loads 
applied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 
5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
5,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60, 000 
62,000 
64,000 
06,000 
68,000 
70,000 
74, 000* 
76, 000 
77,980 


Inch. 
0. 

.0010 
.0020 
. 0030 
.0052 
.0072 
.0102 


Inch. 


Joint started perceptibly. 

Joint opened ".01. 

Joint opened ".02. 
Joint opened "03. 

Joint open about ".04. 
Joint open about ".05. 
Joint open about ".06. 

Ultimate strength. 












.0045 


.0128 
.0140 
.0159 
.0180 
.0210 
.0238 
.0260 
.0290 
.0335 
.0370 
. 0420 
.0468 
.0530 
.0600 
.0698 
.0780 
.0870 
.1085 
.1215 
.1410 
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Joint failed by tearing apart upper plate similar to A A , , fractures 
first appearing at end of upper opposite the outside rivets. 

The under plate has a slight fracture at end of lap opposite the second 
rivet. 

Maximum loads on joint. 

Founds per sq. Inch* 

Tensile strain on gross section of upper "plate 30,220 

Tensile strain on net section of upper plate 47,260 

Compressive strain on bearing surface of rivets 8$, 940 

Shearing strain on rivets 40,610 

No. 37. — £" Iron Plate. Joint C • 



J 



5 



1 



o 

rO 

I 

O 



x 



JFratctures started, a6A ccncb 
ect. 



JS 



37Er x,"oe 




t 

| /; iron rivets, " Burden's best." 
Drilled holes, ".Q9 diameter. 

Square inches. 

Gross sectional area, upper plate 2. 58 

Gross sectional area, lower plate 2. 44 

Net sectional area, upper plat© 1.69 

Bearing surface of rivets, upper plate 89 

Shearing area of rivets (".69 diameter) 1.87 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Bemarks. 


Pound*. 

5,000 
10,000 
15,000 
20,000 
25,000 
30,000 - 
35,000 

5,000 
38,000 
40, 000 
42, 000 
44,000 
46,000 
48,000 
50,000 

52,000 
54,000 
56,000 
58,000 
60,000 
5,000 
62, 000 
64,000 
65, 200 


Inch. 

0. 

.0015 
.0027 
.0042 
.0050 
.0082 
.0112 


Inch. 


Calked joint is open about "02. 
Scale on rivet heads slightly 
started. 

Ultimate strength. 












.0036 


.0135 
.0149 
.0172 
.0197 
.0226 
.0225 
.0292 

.0322 
.0429 
.0527 
.0632 
.0749 
























.0577 


.0885 
.1305 






1 



Failed by shearing three inside rivets and tearing out plate at the 
end rivets of the upper plate. 
H. Ex. 1 2 
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Rivets that were sheared were also fractured under the head. 




Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 25,270 

Tensile strain on net section of upper plate 38, 580 

Compressive strain on bearing surface of rivets 73, 260 

Shearing strain on rivets '. 34,870 



Ko. 38.- 


-£" Iron Plate. 


Joint C . • 


t 


16- 

i 




1 


3 


• :° 

b 


i 

•a 


X 




:<3 










Vj 




1 


W 




i 



£" iron rivets, " Burdens best." 
Drilled holes, ".69 diameter. 

Square inches. 

Gross sectional area, upper plate 2.64 

Net sectional area, upper plate 1. 73 

Bearing surface of rivets, upper plate 911 

Shearing area of rivets (".69 diameter) 1. 87 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Founds. 

5,060 
10, 000 
15,000 
20,000 
25,000 
30,000 
35,000 

5,000 
38, 000 
40,000 
42,000 
44,000 
46,000 
48, 000 
50,000 

52, 000 
54,000 
56,000 
58, 000 
60, 000 
62,000 
64,000 
66, 000 
68,000 
70, 000 
72, 300 


Inch. 
0. 

.0013 
.0020 
.0033 
.0045 
.0063 
.0085 


Inch. 


• 

Joint opened ".01, or less. 

Scale has started on second rivet 
head. 

i 












.0023 


.0100 
.0107 
.0124 
.0137 
.0163 
.0184 
.0210 

.0235 
.0270 
.0317 
.0445 
.0517 
.0605 
.0705 
.0815 
.0957 
.1135 
























• 




i 








| 




i 




Ultimate strength. 







-A 
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Fractured in the same manner as C • , by shearing the three inside 
rivets and tearing out the plate at the end rivets. 

This method of failure would indicate the ability of the plate to shear 
all the rivets in case the metal at the sides of the specimen was sup- 
ported and prevented from spreading. 

Holes elongated from ".06 to ".08. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 27, 380 

Tensile strain on net section of npper plate 41, 790 

Compressive strain on bearing surface of rivets 79, 360 

Shearing strain on rivets 38,660 

No. 39. — J" Iron Plate. Joint D . 





Tg J^  1 

|" iron rivets, "Burden's best." 

Punched holes: Punch, ".695 diameter; die, ".752 diameter. 

Square inches. 

Gross sectional area of plate |2.66 

Net sectional area of plate ... 1.48 

Bearing surface of rivets Jl.18 

Shearing area of rivets (".70 diameter) 2.31 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 

5,000 
38, 000 
40,000 
42,000 
44,000 
46. 000 
48,000 
50,000 
52, 000 
54,000 
56,000 
58,000 
60, 000 
62,^)00 
64,000 
66,000 
68 000 
70i 000 
72,000 
77,200 


Inch. 
0. 

.0010 
.0021 
.0036 
.0051 
.0071 
.0101 


Inch. 


Ultimate strength. 














. 0029 


.0117 
.0132 
.0151 
.0171 
.0193 
.0223 
.0251 
.0293 
.0331 
.0373 
.0422 
.0501 
.0571 
.0651 
.0760 
.0830 
0960 
.1060 
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Joint failed by fracturing the upper plate across five sections and 
the under plate across two sections of the plate between rivet holes. 

Maximum ioadi on joint. 

' Pounds per iq. Inch. 

Tensile strain on gross section of plate 89,020 

Tensile strain on net section of plate 52,160 

Compressive strain on bearing surface of rivets 65*430 

Shearing strain on rivets . 33,430 

No. 40. — J" Ieon Plate. Joint D . . 



=^>= 



" |" iron rivets, " Burden's best." 
Punched holes : Punch, -'.695 diameter : die, ".752 diameter. 



Gross sectional area of plate 3.65 

Net sectional area of plate 1.48 

Bearing surface of rivets 1.18 

Shearing area of rivets  3,31 



Loads ap- 
plied. 


Elongation 
lu 10 Inches. 


Permanent 
set. 


_^ 


5,000' 
io.ooo 

20[000 
23.000 
30,000 
BB, 000 
5,000 
38,000 
40,000 
42,000 
44,000 
40.000 

50,000 

51,000 

sol ooo 

(8,000 
80,000 
82,000 
84,000 
08,000 
88,000 
70,000 
72,000 

siiaoo 


Inch. 
i. 

■■(-.■; 

.0032 

ooso 

ioOH 


Inth. 


Joist about ".06 open. 
Ultimate strength. 














.0083 


0132 
,01M 
.0101 
-0IS2 
.0217 
.0252 
.0202 

OS22 
.0*58 

0*«i 

.0510 
.0672 

.0714 
.0807 

! 11)00 













































Joint failed by fracturing the lower plate square across through, line 
of rivet holes. 
Fractures started slightly at end of plate opposite two rivets. 
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Maximum loads on joint. 

Pounds, per sq. inch. 

Tensile strain on gross section of plate 30,680 

Tensile strain on net section of plate 54,930 

Compressive strain on bearing surface of rivets 68, 890 

Shearing strain on rivets 35,200 

ETo. 43. — £" Iron Plate. Joint D D . 

Hr^ — t 1 



T 



*1 



1 




$7*%I 




c cj j, 1 I 

< » > 
J.OO 

J" tool steel rivets. 

Funcked holes: Punch, ".568 diameter; die, ".636 diameter. 

Square inches. 

Gross sectional area of nppei plate 2.40 

Net sectional area of upper plate 1.51 

Bearing surface of rivets 886 

Shearing area of rivets (".57 diameter) 1.53 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 

» 


Remarks. 


Pound*. 

5,000 
10, 000 
15, 000 
20, 000 
25, 000 
30, 000 
35, 000 

5,000 
38, 000 
40, 000 
42,000 
44,000 


Inch. 
0. 

.0007 
.0016 
.0033 
.0045 
.0070 
.0100 


Inch. 


Joint started perceptibly. 
Joint open nearly ".01. 

Joint open ".02. 
Joint open ".03. 
Joint open ".04. 
Joint open ".06. 

Ultimate strength. 














.0035 


.0125 
.0136 
.0160 
.0185 






46. 000 - 0205 




48, 000 
50,000 
5,000 
52,000 
54,000 
56,000 
58,000 
60, 000 
62,000 
64,000 
66, 000 

68, 000 

69, 300 


.0245 
.0280 






.0165 


.0325 
.0375 
.0435 
.0515 
.0637 
.0735 
.0873 
.1040 
.1250 
.1555 























22 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

Joint failed by tearing out at two rivets in upper plate and through 
line of four rivets in under plate. The initial fracture caused by rivet- 
ing was apparent by a source of weakness. Failure in the under plate 
appeared wholly due to fractures starting at the rivet holes and tearing 
till they met. In every case except one, fractures were started at the 
rivet holes; an examination of the fractured plates would indicate that 
the failure was due to the excessive compressive strain on the holes, 
and that by concentrating 'the strain on J" rivets a smaller percentage 
of the full strength of the plate is obtained than by using f " rivets, as 
was done in experiments D . and D. . It is- observed that the fracture 
in the under plate did not follow a line throngh the center of the holes, 
but along a parallel line inside or on the side of the center line opposite 
the lap end. 

The same remarks apply to the position of the fractures started about 
the rivet holes. 

Maximum loads on joint. 

Pounds per sq. Inch. 

Tensile strain on gross section of upper plate 28,875 

Tensile strain on net section of upper plate 45,890 

Compressive strain on bearing surface of rivets 78,220 

Shearing strain on rivets 45,300 

No. 44. — J" Iron Plate. Joint D D . . 

1 



1" tool steel rivets. 

Punched holes : Punch, ".568 diameter; die, ".636 diameter. 

Square inches. 

Gross sectional area of upper plate 2.36 

Net sectional area of upper plate 1.49 

Bearing surface of rivets 875 

Shearing areajjf rivets (".57 diameter) 1.53 
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Loads ap- 
plied. 



Pounds. 

5,000 
10, 000 
15, 000 
20, 000 
25,000 
30, 000 
35,000 

5,000 
38, 000 
40,000 
42,000 
44, 000 
46, 000 
48, 000 
50, 000 
52,000 
54,000 
56,000 
58,000 
60,000 
62, 000 
64,000 
66,000 
68,000 
70,000 
72, 000 
74,000 
74, 080 



Elongation in 
10 inches. 



Inch. 

0. 

.0011 
.0022 
.0038 
.0055 
.0079 
.0110 

"."6i30" 
.0148 
.0165 
.0185 
.0209 
.0240 
.0275 
.0312 
.0360 
.0408 
.0455 
.0525 
.0590 
.0678 
.0758 
.0832 
.0942 
.1070 
.1250 
.1278 



Permanent 
set. 



Inch. 



0045 



Remarks. 



Perceptible movement in joint. 

Joint open ".01. 
Joint open ".02. 
Joint open ".03. 
Joint open ".04. 
Joint open ".05. 



Ultimate strength. 



Fractured square across upper plate, along a line inside of the center 
line of rivet holes. 

Fracture started about holes in lower plate, as shown by the follow* 
ing sketch: 




) o o 6 xf a cr( 



The difference in strength, 4,780 pounds between D D . and DD,, 
is attributed to the weakening of joint D D, by the riveting at the 
end section which burst the plate at that place. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 31, 390 

Tensile strain on net section of upperplate 49,720 

Compressive strain on bearing surface of rivets » 84, 660 

Shearing strain on rivets 48,420 
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No. 45. — J" Iron Plate. Joint H . 



T 






L 



iO 

!o 
j-o 

.XiO 

i\o 
io 
!o 



T 



x 



i 



i.^^Si 




11  ;  — » 

< ** > 

* 

Eight tV' iron rivets, "Burden's best." 
Drilled holes, ".50 diameter. 

Square inches. 

Gross sectional area of upper plate 2.73 

Net sectional area of upper plate 1.69 

Bearing surface of rivets 1.04 

Shearing area of rivets 1.57 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35, 000 

6,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52, 000 
54,000 
56,000 
58,000 
60,000 
62,000 
63,000 
69,450 


Inch. 
0. 

.0008 
.0018 
.0030 
.0050 
.0090 
.0130 


Inch. 


• 

Joint started perceptibly; slight 

scaling of rivet heads. 
Joint open ".01. 

i 

Joint open ".02. 
Joint open ".03. 

Joint open ".05. 
Joint open ".06. 

Slight snapping sound. 
Ultimate strength. Sheared the 
rivets. 














.0068 


.0158 
.0180 
.0200 
.0235 
.0268 
.0305 
. 0368. 
.0420 
.0490 
.0560 
.0670 
.0758 
.0848 
.0928 

































Average elongation of rivet holes, ".07. 

Eractures started in the outside sections of the plate. 

Maximum loads on joint. 

Founds per sq. inch. 

Tensile strain on gross section of plate 25,440 

Tensile strain on net section of plate 41,095 

Compressive strain on bearing surface of rivets 66,778 

Shearing strain on rivets 44, 204 
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No. 46.— I" Iron Plate. Joint H . . 



TT 



< 






O 
O 
O 
O 

o 
o 
o 



I 

V 



\ 
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Eight &" iron rivets, "Burden's best." 
Drilled holes, £" diameter. 

Square inohes. 

Gross sectional area of upper plate 2.85 

Net sectional area of upper plate 1.76 

Bearing surface of rivets 1.084 

Shearing area of rivets 1.57 



Loads ap- 
plied. 


Elongation in 
10 inohes. 


Permanent 
set. 


Remarks. 


Pound*. 

5,000 
10,000 
15,000 
20,000 
25, 000 
30, 000 
35,000 

5,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 

5,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 


Inch. 

0. 

.0005 
.0008 
.0018 
.0040 
.0070 
.0120 


Inch. 


Scale starts on rivet heads. 
Joint started perceptibly. 

Joint open ".01. 

Joint open ".02. 

Joint open ".03. 
Joint open ".04. 

Joint open ".07. 

Ultimate strength. Sheared seven 
rivets, tore out plate at one end 
rivet. 














.0072 


.0160 
.0178 
.0200 
.0235 
.0270 
.0335 
.0398 












.0290 


.0470 
.0572 
.0665 
.0770 
.0908 
.1070 
.1260 
.1500 



















Fractures started about rivet holes. 

Average elongation of holes ".09 in plate not fractured. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 23, 158 

Tensile strain on net section of plate 37, 500 

Compressive strain on bearing surface of rivets '-. 60,886 

Shearing strain on rivets 42,038 
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DOUBLE RIVETED LAP JOINTS ±" IRON PLATE. 

No. 85. — J" Iron Plate. Joint I . 



I 



* 



! O 

■io° 



»r>-i 









H j"l> 



-&" iron rivets, "Burden's best." 
Drilled holes, ".50 diameter. 

Square inches. 

Gros* sectional area of plate 2.64 

Net sectional area of plate 1.98 

Bearing surface of rivets 1.19 

Shearing area of rivets 1.77 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
20,000 
30,000 
40,000 
45,000 
50,000 
55,000 
60,000 

5,000 
65,000 
70,000 
72,000 
74,000 
76,300 


Inch. 
0. 

.0009 
.0030 
.0065 
.0128 
.0168 
.0212 
.0362 
.0438 


Inch. 


• 

Joint opened perceptibly. 
Joint opened ".01. 
Joint does not close. 
Joint open ".03. 
Joint open ".04. 
Joint open ''.06. 

Ultimate strength. Sheared eight 
rivets tore oat plate at one end 
rivet, started fracture in plate 
at other end rivet. 


















.0315 


.0600 
.0802 
.0950 
.1180 















Average elongation of holes, ".06. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross area of plate 28,900 

Tensile strain on net area of plate 38,535 

Compressive strain on bearing surface of rivets 64,120 

Shearing strain on rivets 43,110 
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No. 86. — £" Iron Plate. Joint I . 



T 



5 



i 




T 






i 



•ft" iron rivets, "Burden's best." 
Drilled holes, ".50 diameter. 

Square inches. 

Gross sectional area of under plate 2. 36 

Net sectional area of under plate 1.77 

Bearing surface of rivets 1.06 

Shearing area of rivets 1.77 



Loads ap- 
plied. 


Elongation in 
10 inohes. 


Permanent 
set. 


Remarks. 


Pound*. 
5,000 
10,000 
20, 000 
80,000 
35, 000 
40,000 
45, 000 
50,000 
5,000 
55,000 
60, 000 
65, 000 
73. 900 


Inch. 

0. 

.0008 
.0025 
.0060 
.0098 
.0130 
.0170 
.0220 


Inch. 


. 





















.0125 


Joint opened perceptibly. 
Joint open ".01. 

Ultimate strength. Sheared seven 
rivets, tore on f plate at two rivets. 


.0335 
.0508 















Fractures started about holes in upper plate in the row of five holes. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 31,314 

Tensile strain on net section of under plate 41, 750 

Compressive strain on bearing surface of rivets 69, 710 

Shearing strain on rivets 41,750 
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No. 617, — J" Wrought Iron Plate, Plates K . 



T 



fracturep 



started -when riveted/. 






i 



•J? 



1 




T 



1 



< . X i x > 



J 



*r v 




3W 



\" iron rivets, "Burden's best." 

Punched holes: Punch, -fc" diameter; die, f£" diameter. 

Square inches. 

Gross sectional area of upper plate 2. 71 

Net sectional area of upper plate 1.69 

Bearing surface of rivets 2.03 

Shearing area of rivets 2.98 



Loads ap- 
plied. 


Elongation In 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 

10,000 

20,000 
30,000 

35,000 
5,000 
40,000 
50,000 
60,000 
73, 300 
76,000 
85,500 


Inch. 
0. 
.0040 

.0145 
.0220 

.0260 


Inch. 


Plates not straight; marked in 
riveting. 

Elongations include the straight- 
ening of the metal. 

Ultimate strength. 










.0150 


.0300 

.0410 

.0500 

.0900 

.12 

.22 




........... .. 











Fractured upper plate across row of rivet holes. Started fractures in 
upper plate at end of lap. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upperplate 31,550 

Tensile strain on net section of upper plate 50, 592 

Compressive strain on bearing surface of rivets 42, 118 

Shearing strain on rivets 28,691 
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No. 618.— J" Iron Plate. Plates K . . 

Duplicate of K-. 



T 



.1 
4 



i 




I 



1 







3% 



£" iron rivets, "Burden's best." 

Punched holes : Punch, -&" diameter ; die, Q" diameter. 

Square Inches. 

Gross sectional area of under plate 2.73 

Net sectional area of under plate 1.71 

Bearing surface of rivets 2.05 

Shearing area of rivets 2.98 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pound*. 

5,000 
10,000 
20,000 
30,000 
35,000 

5,000 
40,000 
45,000 
50,000 

5,000 
55,000 
60,000 
65,000 
70,000 
75, 000 
80,000 
85,000 
85,400 


Inch. 
0. 

.0009 
.0030 
.0065 
.0088 


Inch. 


Ultimate strength. 










.0020 


.0110 
.0145 
.0190 






.0095 


.0228 

.0280 

.0350 

.06 

.10 

.14 

.19 





















Fractured under plate across line of rivet holes. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 31,282 

Tensile strain on net section of under plate 49, 950 

Compressive strain on bearing surface of rivets 41,660 

Shearing strain on rivets 28,660 
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SINGLE-RIVETED BUTT JOINTS, *'' IRON PLATE. 

No. 615.— i" Iron Plate Butt Joints. Plates L 



<7."*j?> 



T 







i 



dl ^ fe — 

^^^r lo." — ► 

Gouged length, 

f " iron rivets, " Burden's best." ■* 

Punched holes : Punch, \$" diameter ; die, §" diameter. 

Square inches 

Gross sectional area of plate 2. 53 

Net sectional area of plate 1.41 

Bearing surface of rivets 1.12 

Shearing area of rivets... 4.45 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Pendent 
set. 


Remarks. 


Pounds. 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
10,000 
40,000 
45, 000 
50,000 
55, 000 
60,000 
10, 000 
70,000 
75,000 
75, 400 


Inch. 

0. 

.0010 
.0021 
.0035 
.0045 
.0055 


Inch. 


Ultimate strength. 












.0002 

i 


.0075 
.0110 
.0130 
.0160 
.0190 










.0110 


.10 
.15 











Fractured plate across line of rivet holes. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross sectional area of plate 29, 800 

Tensile strain on net sectional area of plate 53, 475 

Compressive strain on bearing surface of rivets 67, 321 

Shearing strain on rivets 16, 944 
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No. 616. — \" Iron Plate Butt Joint. Plates L . . 

Duplicate of L . 

■<M. x2.> 







i// 



fHbL 




10V 

&a,zccfe<l length. 



\" iron rivets, " Burden's best." 

Punched boles : Punch, -J-J-" diameter ; die, f " diameter. 

Square inches. 

Gross sectional area of plate 2. 62 

Net sectional area of plate 1.46 

Bearing surface of rivets 1.16 

Shearing area of rivets 4.45 



-* 

Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Eemarka. 


Pound*. 

5,000 
10,000 
20,000 
30,000 
35,000 

5,000 
40,000 
42,000 
44,000 
40,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
74,400 


Inch. 

0. 

.0010 
.0028 
.0050 
.0060 


Inch. 


Ultimate strength. 










.0009 


.0070 
.0075 
.0080 
.0085 
.0090 
.0098 
.0105 
.0111 
.0121 
.0132 
.0150 
.0168 
.0180 
.0200 
.0255 
*.06 
.14 






































* About ".06. 

Fractured plate across line of rivet holes. 

Maximum loads on joint. 

Tensile strain on gross section of plate 

Tensile strain on net section of plate — 

Compressive strain on bearing surface of rivets 

Shearing strain on rivets 



Pounds per sq. inch. 

28,397 

50,959 

64,138 

16,719 
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TESTS OF IRON A1JD STEEL AND OTHER MATERIALS. 



SINGLE-RIVETED LAP JOINTS f" IRON PLATE. 

Ho. 62. — |" Iron Plates. Joint A . 
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W iron rivets, " Burden's best." 

Punched holes : Punch, ".753 diameter ; die, ".774 diameter. 

i 

Square inches. 

Gross sectional area of plate .• 3.76 

Net sectional area of plate 2.32 

Bearing surface of rivets 1.44 

Shearing area of rivets (."76 diameter) 2.27 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set 


Bemarks. 


Pounds. 

5,000 

10,000 

20,000 

' 30,000 

35,000 

5,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 

52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
80,000 
85,000 
86,900 


Inch. 
0. 

.0005 
.0018 
.0048 
.0070 


Inch. 


Joint started slightly. 

Joint open ".01. Scale starts on 
rivet heads about'the same time 
the joint begins to open. 

Joint open ".02. 
Joint open ".03. 

Joint open ".04. 
Joint open ".05. 

Ultimate strength. Sheared rivets. 










.0040 


.0100 
.0112 
.0128 
.0145 
.0160 
.0192 

.0220 
.0248 
.0280 
.0320 
.0395 
.0458 
.0525 
.0588 
.0660 
.0740 
.0838 
.0938 
.1320 
.1810 















































Started fractures about rivet holes inside of center line of holes. 
Average elongation of holes, ".04. 
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Maximum loads on joint. 

Pounds per sq. lncb. 

Tensile strain on gross section of plate 23, 110 

Tensile strain on net section of plate 37, 460 

Compressive strain on bearing surface of rivets 60, 340 

Shearing strain on rivets 38, 280 

No, 63. — §" Iron Plate. Joint A . . 
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{%" iron rivets, " Burden's best." 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 

Square inches. 

Gross sectional area of plate 3. 81 

Net sectional area of plate 2. 35 

Bearing surface of rivets 1.46 

Shearing area of rivets (".IS diameter) 2. 39 



Loads ap- 


plied. 


Pound*. 


5,000 


10,000 


20,000 


30,000 


35,000 


5,000 


40,000 


45,000 


50,000 


55,000 


60,000 


65,000 


70,000 


75, 000 


80,000 


84,900 



Elongation in 1 Permanent 
10 inches. ! set. 



Inch. 
0. 

.0005 
.0012 
.0039 
.0065 



.0090 
.0121 
.0170 
.0240 
.0389 
.0560 
.0770 
.1040 
.1400 



Inch, 



.0032 



Bemarks. 



Joint opened perceptibly. 
Joint opened ".01. 

Joint opened ".02. 
Joint opened ".04. 



Ultimate strength. Fractured 
the under plate. 



Fractures dull fibrous. Fractures started about the rivet holes in the 
upper plate. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate £2, 280 

Tensile strain on net section of plate 36, 130- 

Compressive strain on bearing surface of rivets 58, 150 

Shearing strain on rivets 35,520 

S. Ex. 1 3 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



No. 64.— |" Iron Plate. Joint 
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ii" iron rivets, "Burden's best." 
frilled boles, ".77 diameter. 

Square inches. 

Gross sectional area of under plate 3.73 

Net sectional area of under plate 2.29 

Bearing surface of rivets 1.44 

Shearing area of rivets (".77 diameter) 2.33 



Loads ap- 
plied. 



Pounds. 

6,000 
10,000 
20,000 
80,000 
85,000 

5,000 
40,000 
45,000 
50,000 

5,000 
55,000 
60,000 
65,000 
70,000 
75, 000 
87,450 



Elongation in Permanent 
10 inches. , set. 



Remarks. 



Inch. 
0. 
.0005 
.0012 
.0029 
.0042 



Inch. 



.0015 



0090 
0142 
0182 



.0118 



Joint opened slightly. 



.0238 
.0350 
.0588 
.0798 
.1080 



Joint open ".01. 
. | Joint open ".02. 
. ' Joint open ".04. 



Ultimate strength. Sheared rivets. 



Maximum loads on joint. 

Pounds per sq. Inch. 

Tensile strain on gross section of plate 23,446 

Tensile strain on net section of plate 38,190 

Compressive strain on bearing surface of rivets 60,730 

Shearing strain on rivets 37,530 
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No. 65. — 1 ;/ Iron Plate. Joint C . • 
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ffc" iron rivets, "Burden's best." 
Drilled holes, ".77 diameter. 

Square inches. 

Gross sectional area of under plate h 3.78 

Net sectional area of under plate 2. 32 

Bearing surface of rivets 1. 46 

Shearing area of rivets 2.33 



Loads ap- 
plied. 



Pounds. 

5,000 
10, 000 
20,000 
30,000 
35,000 

5,000 
40,000 
45,000 
50,000 

5,000 
55, 000 
60,000 
65,000 
70,000 
75, 000 
84,000 



Elongation in 
10 inches. 


Permanent 
set. 

! 


Inch. 
0. 


i 

Inch. ! 


. 0010 ' 


; 


.0028 
.0062 
.0092 




1 


i 


.0040 


.0120 
.0160 
.0230 






.0130 


.0328 
.0495 
.0680 
.0940 
.1260 
















Remarks. 



Joint opened peroeptibly. 

Joint open ".01. 

Joint open ".02. 
Joint open ".04. 
Joint open ".05. 



Ultimate strength. Sheared riv- 
ets. 



Average elongation of drilled holes, ".05. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 22,220 

Tensile strain on net section of plate 36,210 

Compressive strain on bearing surface of rivets „ . . - 57, 530 

Shearing strain on rivets 36, 050 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



No. 66. — $" Iron Plate. Joint D 
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\\" iron rivets, "Burden's best.'' 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 

Square inohes 

Gross sectional area of upper plate 3. 95 

Net sectional area of upper plate 2. 23 

Bearing surface of rivets 1. 72 

Shearing area of rivets 2.72 



i Loads ap- 
j plied. 



Pound*. 

5,000 
10,000 
20,000 
30,000 
35,000 

5,000 
40,000 
45,000 
50,000 

5,000 
56,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
93,100 



EloDgation in 
10 inches. 



Permanent 
set. 



Bern arks. 



Inch. 
0. 

.0005 
.0018 
.0040 
.0060 


Inch. 






.0022 



.0082 
0110 
0150 



.0202 
.0250 
.0335 
.0460 
.0638 
.0850 
.1600 



.0080 



Joint opened perceptibly. 

Joint open ''. 01. 
Joint open ". 02. 
Joint open ". 03. 
Joint open ". 05. 



Ultimate strength, 
plate. 



Fractured 



Maximum load$ an joint. 

Pounds per sq. inch. 

Tensile strain on gross area of plate .. 23, 570 

Tensile strain on net area of plate 41, 750 

Compressive strain on bearing surface of rivets 54, 130 

Shearing strain on rivets 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 67. — |" Iron Plate. Joint D . . 



W 



^4" iron rivets, "Burden's best." 

Punched boles: Punch, ".753 diameter; die, ".774 diameter. 
Not*. — Befon 

Square tnohaa. 

Gross sectional area of upper plate 3.99 

Net sectional area of upper plate 9.36 

Bearing surface of riveta 1.74 

Shearing area of rivets (".76 diameter) 2,72 




Join! opened perceptibly. 
Joint open ",0L 
Join l open ".03, 
Joint open ".03. 

Fluriislo strength. JfrMtnred 



Maximum load* en joint. 

Pounds per aq- inch. 

Tensile strain on gross section of plate 23,280 

Tensile strain on net seetion of plate 41,290 

Compressive strain on bearing Barface of rivets 53,400 

Shearing strain on rivet* 3*, 150 



38 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 721.— |" Iron Plate. Set K . . 

Duplicate of K . No. 720. 

Upper plate, 10".32 x ".395. 

Under plate, 10".32 x ".395. 

1" iron rivets, hand-driven. 

Punched holes: Punch, 1^" diameter; die, \-£$" diameter. 

Square inche* 

Grose sectional area of under plate : 4. 08 

Net sectional area of under plate 1. 88 

Bearing surface of rivets 2. 19 

Shearing area of rivets 4. 43 



Loads ap- 
plied. 



Pounds. 
5,000 
10, 000 
20, 000 
80, 000 
35, 000 
40, 000 
45, 000 
50,000 
55, 000 
60,000 
65,000 
70, 000 
75, 000 
80, 000 
90, 000 
100, 000 
110, 000 



Elongation in Permanent 
10 inches. set. 



Remarks. 



Inch. 
0. 

.0015 
.0040 
.0080 
.0098 
.0125 
.0155 
.0200 
. 0240 . 
.0290 
.0350 
.0455 
.0560 
.0670 
.10 
.15 
.21 



Inch. 



Ultimate strength. 



Fractured under plate across line of rivet holes. Broke suddenly. 

Maximum loads on joint. 

x ounda per sq. inch. 

Tensile strain on gross section of under plate 26, 960 

Tensile strain on net section of under plate 58, 510 

Compressive strain on bearing surface of rivets 50, 220 

Shearing strain on rivets 24, 830 

No. 720.— f" Iron Plate. Set K . 




1" iron rivets, hand-driven. 

Punched holes: Punch, 1-fe" diameter; die, 1^" diameter. 
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Square inches. 

Gross sectional area of under plate 4. 07 

Net sectional area of under plate 1.88 

Bearing surface of rivets 2.19 

Shearing area of rivets - 4.43 



Loads ap- Elongation in 
plied. | 10 inches. 



Poundi. 

5,000 

50,000 

60,000 

70, 000 

80, 000 

90,000 

100, 000 

110, 000 

116, 000 



Inch. 
0. 

.03 
.05 
.06 
.07 
.08 
.12 
.19 
.25 



Permanent 
set. 



Inch. 



Remarks. 



Ultimate strength. 



Joint failed suddenly, fracturing under plate across line of rivet holes. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 28, 500 

Tensile strain on net section of under plate 61,700 

Compressive strain on bearing surface of rivets 52, 970 

Shearing strain on rivets 26,180 

SINGLE-RIVETED LAP JOINTS WITH REINFORCED WELT, f" IRON PLATE. 

No. 244. — f " Iron Plate. Joint J . 
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$" iron rivets, "Burden's best." 
Drilled holes, ".72 diameter. 
Welt, f" iron plate. 



40 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

Square inches. 

Gross sectional area of upper plate : 4. 63 

Net sectional area of upper plate through line rivets B 2.96 

Net sectional area of upper plate through line rivets A 3. 80 

Bearing surface of rivets, upper plate 2. 50 

Shearing area of rivets (9 rivets), single shear 3. 66 



Loads ap- 
plied. 



Pounds. 

5,000 

10, 000 

20,000 

30, 000 

35, 000 

5,000 

40,000 

45,000 

50,000 

55,000 

60,000 

5,000 

65,000 

70, 000 

75, 000 

80,000 

85, 000 

90,000 

95,000 

100, 000 

5,000 

105, 000 

110, 000 

115, 000 

120, 000 

125, 000 

130, 000 

135,000 

140, 000 

145, 000 

147, 700 



Elongation in 1 Permanent 
10 inches. I set. 



Remarks. 



Inch. 
0. 

.0005 
.0018 



.0198 



Inch. 



! .0032 




.0C40 

.0050 
.0062 


~ .0005 


.0072 




.0088 




.0105 
.0129 


.0030 


.0150 




.0175 





Scale started around outside rows 
of rivets. 



.0220 




.0240 




.0278 


............ . 


.0310 
.0400 


.0181 


.05 




.06 
.06 




.08 




.11 




.14 
.17 




.25 













Micrometer removed. 



Ultimate strength. Sheared nine 
rivets, rows A and B. 



"Cooper lines " run from rivets in row A, at an angle of 53 degrees 
with direction of pull on the specimen. 
Elongation of holes, row A, ".08; row B, ".03. 



Maximum loadt on joint. 

• Pounds per sq. inch, 

Tensile strain on gross section of upper plate 31, 900 

Tensile strain on net section of upper plate through line of rivet holes B 49, 900 

Tensile strain on net section of upper plate through line of rivet holes A 38, 870 

Compressive strain on hearing surface of rivets 59, 060 

Shearing strain on rivets (9 rivets) 40,360 
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No. 245. — %" Iron Plate. Joint J . . 
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f" iron rivets, " Burden's best." 
Drilled holes, ".82 diameter. 
Welt, f" iron plate. 

Square inches. 

Gross sectional area of under plate 4. 69 

Net sectional area of under plate through line of rivet holes B 2. 77 

Net sectional area of under plate through line of rivet holes C 3. 74 

Bearing surface of nine rivers (".82 diameter) 2. 89 

Shearing area of nine rivets, single shear ^.. 4. 75 



Loads ap- 
plied. 



Pounds. 

* 5,000 

10,000 

20, 000 

30,000 

35,000 

5,000 

40,000 

50, 000 

60,000 

5,000 

70,000 

75,000 

80, 000 

85,000 

90,000 

95,000 

100,000 

5,000 

105, 000 

110, 000 

115,000 

120,000 

125,000 

130, 000 

135,000 

140,000 

145,000 

163, 700 



Elongation in Permanent ! 
10 inches. set. ! 



Inch. 
0. 

.0005 
.0011 
. 0025 
.00*0 



.0038 
.0050 
.0070 



.0120 
.0150 
.0175 
.0195 
.0220 
.0245 
.0280 



.0310 

.0350 

.0435 

.0550 

.07 

.09 

.10 

.13 

.18 



Inch. 



.0005 



.0019 



0165 



Remarks. 



Joint opened perceptibly. 
Joint ouen ".01. 



Joint open ".02. 
Micrometer removed. 

Joint open about ".04. 



.[ Ultimate strength. Fractured 
| lower plate through outside line 



i 



of rivet holes. 



42 TESTS OP IKON AND STEEL AND OTHER MATERIALS. 

Maximum loads on joint. 

Pounds pet h. inph. 

Tensile strain on gross seoti on of under plate 34,900 

Tensile strain on net section of under plate through line of rivets B: 59,100 

Tensile strain on net section of under plate through line of rivets C 43,770 

Com uressive strain on bearing surface of rivets (9) 56,640 

Shearing strain on nine rivets (single shear) 34, 460 



>"n. ^9(i.— jj" 1j.uk Plate. Joint J J . 




3" iron rivets, "Burden's best." 
Drilled holes, ".82 diameter. 

Square tanks*. 

Gross seoti onal area of upper plate 4. 51 

Net seutioual area of npper plate through line of three rivet holes 3. 59 

Bearing surface of rivets 2. 78 

Shearing area of rivets (single shear, 9 rivets) 4. 75 



TESTS OF IRON AND STEEL RND OTHER MATERIALS. « 43 



Pounds. 

5,000 

10,000 

20,000 

30,000 

35.000 

5,000 

40,000 

50,000 

60,000 

70, 000 

80,000 

90,000 

100, 000 

110, 000 

120. 000 

130, 000 

140, 000 

161, 000 



Loads ap- Blongatipn iu Permanent 
plied. I 10 inches. net. 



Remarks. 



Inch. 
0. 

.0002 
.0010 
.0020 
.0030 

.0038" 

.0068 

.0108 

.0150 

.0190 

.0245 

.0818 

.0430 

.07 

.10 

.16 



Inch. 



.0005 



Ultimate strength. 



Fractured upper plate through rivet holes line A. 
Fibrous fracture. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 35, 700 

Tensile strain on net section of upper plate across row of three rivet holes. .. 44,840 

Compressive strain on bearing surface of rivets 57, 910 

Shearing strain on rivets (9 rivets, single shear) 33, 89# 



No. 297. — |" Iron Plate. Joint J J . • 
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%" iron rivets, "Burden's best." 
Drilled holes, ".82 diameter. 

Square inches. 

Gross sectional area of nppor plate 4. 45 

Net sectional area of upper plate through line of three rivet holes 3. 54 

Bearing surface of rivets 2. 73 

Shearing area of rivets (single shear, 9 rivets) 4. 75 
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TESTS OF IKON AND STEEL AND OTHER MATERIALS. 



Loads ap- 
plied. 



Pounds. 

5,000 

10,000 

20,000 

30,000 

35,000 

5,000 

40, 000 

45,000 

50,000 

55,000 

60,000 

65,000 

70,000 

75,000 

80, 000 

85,000 

90,000 

95,000 

100, 000 

110, 000 

120,000 

130,000 

140, 000 

151, 100 



Elongation in 
10 inches. 


Permanent 
set. 


Inch. 
0. 


Inch. 


.0005 




.0018 




.0030 




.0038 


.0005 


.0045 
.0050 




.0060 




.0070 




.0090 





.0115 
.0145 




.0180 
; .0208 




. 0230 
i .0268 






.0292 




.0340 




.0470 

.08 

.11 


* 






.17 













Remarks. 



Ultimate strength. 



Fractured upper plate through outside row of rivet holes. 
Fibrous fracture. 



Maximum loads on joint. 

Founds per sq. inch 

Tensile strain on gross section of npper plate 33, 950 

Tensile strain on net section of npper plate through row of three rivet holes. . 42, 680 

Compressive strain on bearing surface of rivets 55,350 

Shearing strain on rivets 31,810 

DOUBLE-RIVETED LAP JOINTS f" IRON PLATE. 

No. 68. — f" Iron Plate. Joint F . 



T 



•5 



1 




T 



A 



9 



i 



J.W> X " 



JL7J V XJ8 




^a 



< a'Zo 



\#* iron rivets, "Burden's best." 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 
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Square inches. 

Gross sectional area of upper plate 3. 75 

Net sectional area of upper plate 2. 32 

Bearing surface of rivets 2. 87 

Shearing area of rivets (".76 diameter) 4. 54 



Loads ap- ; Elongation in! Permanent 
plied. I 10 inches. set. 



Pounds. 
5,000 
10, 000 
20, 000 
30,000 
35,000 
5,000 
40, 000 
45, 000 
50, 000 
55, 000 
60, 000 
65,000 
70,000 
5, 000 
75, 000 
80, 000 
85, 000 
90,000 
95, 000 

112, 400 



Inch. 

0. 

.0005 
.0020 
.0040 
.0050 



.0068 
.0080 
.0100 
.0125 
.0155 
.0195 
.0238 

\"0285 
.0335 
.0392 
.0460 
.0530 



Inch. 



.0010 



.0140 



Remarks. 



Joint opened perceptibly. 
Joint open ".01. 

Joint open ".03. 
Joint open ".04. 

Joint open ".05. 

Ultimate strength. Fractured 
upper plate. 



Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross area of plate 29, 970 

Tensile strain on net section of plate 48, 450 

Compressive strain on bearing surface of rivets 39, 160 

Shearing strain on rivets 24,760 

No. 69. — f" Iron Plate. Joint F . . 
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\%" iron rivets, " Burden's best." 

Punched holes : Punch, ".753 diameter ; die, ".774 diameter. 

Square inches. 

Gross sectional area of upper plate 3.79 

Net sectional area of upper plate 2.34 

Bearing surface of rivets 2. 89 

Shearing area of rivets (".76 diameter) 4.54 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

! Load* up- iBlonntion in; Permauant 
plied. 10 locnaa. «ev j 



" 



Joint Opan«d poroeptiMy. I 

joint open ".01+. 
Joint open ".02. 
Joint open ".03. 

Ultimate itrength. Fractured I 



Maximum load* on joint. 

Poundi par aq. lnoh. 
Tensile strain on gross area of plate 31,330 

Tensile strain on net area of plate 50,730 

Compressive strain on bearing surface of rivets 41,070 

Shearing strain c.n rivets 36,160 



No. 58. — g" Iron and Steel Plate. Joint P . 
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44" iron rivets, " liurden's best." 

Punched holes : Pimcb, ".753 diameter; die, ".774 diameter. 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 
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Square inches. 

Gross sectional area of iron plate 3. 71 

Net sectional area of iron plate „ 2.29 

Bearing surface of rivets 2. 83 

Shearing area of rivets (".76 diameter) «. 4. 54 



Loads ap- 
plied. 



Elongation in 
10 inohes. 



Pounds. 

5,000 

10,000 

20,000 

30,000 

40,000 

45,000 

50,000 

5,000 

55,000 

60,000 

65, 000 

70, 000 

5,000 

75,000 

80, 000 

85,000 

90,000 

5,000 

95,000 

100, 000 

}05, 000 

110,000 

115, 000 



Inch. 
0. 

.0010 
.0025 
.0042 
.0070 
.0081 
.0100 



Permanent 
set. 



Inch. 



Remarks. 



.0038 



.0120 
.0140 
.0162 
.0192 



0238 

0280 

0329 

,0378 



0435 

0508 

, 0608 

0768 



.0090 



.0258 



Joint opened perceptibly. 
Joint open ".01. 
Joint open ".02. 
Joint open ".03. 



Joint open ".04. 
Joint open ".05. 



Ultimate strength. 



Fractured lower plate across line of rivet holes. Fibrous fractures, 
metal slightly drawn down. 

Note. — Through mistake an iron and a steel plate were riveted together. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of iron plate 31,000 

Tensile strain on net section of iron plate 50, 220 

Compressive strain on bearing surface of rivets 40, 640 

Shearing strain on rivets 25, 330 

No. 70. — §" Iron Plate. Joint G . 



x 




i 



X 



i 
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W iron rivets^ " Burden's best." 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 
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Square inches. 

Gross sectional area of upper plate 3. 94 

Net sectional area of upper plate 2. 43 

Bearing surface of rivets 2. 71 

Shearing area of rivets (".76 diameter) 4. 08 



LoadH ap- 
plied. 



Pounds. 

5,000 

10, 000 

20, 000 

80,000 

35, 000 

5,000 

40,000 

45, 000 

50,000 

55, 000 

60, 000 

65, 000 

70, 000 

75, 000 

5,000 

80, 000 

85, 000 

90, 000 

95, 000 

100, 000 

112, 400 



Elongation in 
10 inches. 



Inch. 
0. 

.0005 
.0020 
.0038 
.0048 

.0068* 

.0079 

.0095 

. 0120 

.0145 

.0178 

.0210 

.0258 

.0300 
.0348 
.0410 
.0488 
.0630 



Permanent 

set. 



Inch. 



Remarks. 



0010 



.0141 



i Joint opened perceptibly. 
I Joint open ".01. 



Joint open ".02. 
Joint open ".03. 
Joint open ".04. 

Ultimate strength. Fractured up- 
per plate through row of five 
rivet holes. 



Fractured plate shows imperfect welds in rolling. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 28, 530 

Tensile strain on net section of plate 46, 255 

Compressive strain on bearing surface of rivets 41,480 

Shearing strain oi rivets 27, 550 

No. 71.— §" Iron Plate. Joint G . . 
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\i" iron rivets, "Burden's best. 7 ' 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 



TESTS OF IKON AND STEEL AND OTHER MATERIALS. 
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Square inches. 

Gross sectional area of under plate 3. 87 

Net sectional area of under plate ~ 2.39 

Bearing surface of rivets 2.67 

Shearing area of rivets (".76 diameter) 4.08 



Loads ap- 
plied. 



Pounds. 
5,000 
10, 000 
20,000 
30,000 
35,000 
5,000 
40,000 
45,000 
50,000 
55,000 
60, 000 
65,000 
70, 000 
75,000 
80,000 
85,000 
90,000 
95,000 
100,000 
110, 200 



Elongation in 
10 inches. 



Inehi 

0. 

.0005 
.0020 
.0040 
.0050 



.0065 
.0080 
.0105 
.0130 
.0160 
.0198 
.0240 
.0290 
.0348 
.0399 
.0468 
.0555 
.0680 



Permanent 
set. 



Inch. 



.0005 



Remarks. 



Joint opened perceptibly. 
Joint open ".01. 
Joint open ".02. 
Joint open ".03. 
Joint open ".04. 



Ultimate strength. Fractured the 
under plate through line of four 
rivet holes. 



Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 28,475 

Tensile strain on net section of plate 46,110 

Compressive strain on bearing surface of rivets 41.270 

Shearing strain on rivets 27,010 

Uo. 81. — §" Ibon Plate. Joint I . 
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W iron rivets, "Burden's best." 
Drilled holes, ".75 diameter. 

S. Ex. 1 i 



I 



'* 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Square inches. 

Gross sectional area of upper plate 5. 09 

Net sectional area of upper plate 3. 91 

Bearing surface of rivets 2.06 

Shearing area of rivets (".75 diameter) 3.09 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Poundt. 
5.000 
10,000 
20,000 
30,000 
40.000 
50,000 
55,000 
60,000 
05,000 
5,000 
70,000 
75,000 


Inch. 

0. 

0. 

.0002 
.0009 
.0020 
.0050 
.0070 
.0098 
.0120 


Inch. 


Joint opened perceptibly. 
Joint open ".01+ 
Joint open ".08. 
Joint open ".06. 

Ultimate strength. Sheared rivets. 


















.0050 


.0150 
.0190 




80, 000 , . 0250 
85, 000 1 . 0362 
90, 000 . 0458 








95, 000 ! . 0580 




100, 000 . 0708 




105, 00* . 0860 




110, 000 . 1080 




115, 000 . 1350 




120,900 











Average elongation of holes, ".04. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 23, 750 

Tensile strain on net section of plate 30,920 

Compressive strain on bearing surface of rivets 58,700 

Shearing strain on rivets 39,130 

No. 82. — f" Iron Plate. Joint I . • 

Same style of joint as No. 81. 
Upper plate, 12".97 x ".395. 
Under plate, 12".97 x ".395. 
-J^" iron rivets, u Burden's best." 
Drilled holes, ".75 diameter. 

Square inches. 

Gross sectional area of plate 5.12 

Net sectional area of plate 3.94 

Bearing surface of rivets 2.07 

Shearing area of rivets (".75 diameter). 3.00 



TESTS OF IRON AND 8TEEL AND OTHER MATERIALS 
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Loads ap- 
plied. . 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pound*. 

5,000 

10, 000 

20,000 

30,000 

40,000 

50.000 

55,000 

60,000 

65,000 

5,000 

70, 000 

75, 000 

80,000 

85,000 

do, 000 

05,000 

100,000 

105, 000 

118,700 


Inch. 
0. 

.0002 
.0012 
.0028 
.0050 
. 0120 
.0140 
.0170 
.0210 

.0255 
.0300 
.0400 
. 0510 
.0608 
.0750 
.0890 
.1080 


Inch. 


Joint opened ".01. 

Joint opened ".02. 
Joint opened ".04. 
Joint opened ".06. 

Ultimate strength. Sheared riv- 
ets. 


















.0145 





















Average elongation of rivet holes, ".06. 

Maximum loads on joint 

Pounds per sq. inoh. 

Tensile strain on gross section of plate 23,180 

Tensile strain on ner. section of plate 30,130 

Compressive strain on bearing surface of rirets 57, 340 

Shearing strain on rivets 38,410 



SINGLE AND DOUBLE RIVETED LAP JOINTS, i" IRON PLATE. 

No. 240. — £" Iron Plate. Joint A . 



i 
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Shape tf 
rivet TuaA. 



f" iron rivets, "Burden's best." 

Punched holes: Punch, \$" diameter; die, ff" diameter. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Square inch* 

Gross sectional area of upper plate „ 5.095 

Net sectional area of upper plate 2.91 

Bearing surface of rivets 2. 18 

Shearing area of rivets (''.82 diameter) 2. 64 



Loads ap- 
plied. 



Poundg. 

5,000 
10, 000 
20,000 
30,000 
35,000 

5,000 
40,000 
45,000 
50,000 

5,000 
55,000 
00,000 
65,000 
70,000 

5,000 
10,000 
20,000 
•80,000 
40,000 
50,000 

5,000 
10, 000 
20, 000 
30,000 
40,000 
50,000 
70, 000 
75, 000 
80, 000 

5,000 
10, 000 
20, 000 
80,000 
40,000 
50,000 
85,000 
90,000 
90,500 



Elongation in 
10 inches. 

Inch. 
0. 

.0008 
.0020 
.0042 
.0068 


* 

Permanent i 
set. 


Inch. 






. 




.0025 


.0108 
.0148 
.0172 






.0085 


.0199 
.0230 
.0298 
.0418 








.0265 


.0280 
.0308 
.0330 




i 



Remarks. 



Joint opened perceptibly. 



Joint open ".01. 
Joint open ".01|. 



.0358 
.0380 



.0280 
.0308 
,0330 
.0358 
.0380 
.0428 
.0548 
.0718 



.0560 

.0588 

.0610 

.0638 

.0658 

.10 

.15 



0268 



0540 



Micrometer removed. 
Joint open ".04. 

Ultimate strength. 



Fractured top plate, the line of the fracture following about ".08 back 
of center line of rivet holes. 

The plate that fractured had the die side in contact with lower plate. 

Metal fibrous, except around the punched holes, which was granular; 
on the punch side of the plate little or no granulation was found, but 
on the die side the ring of granular metal reached the maximum amount 
of tV' thickness. 

Along the calked edge granular metal was found. At 50,000 pounds 
tension snapping sounds were heard, which were repeated occasionally 
till fracture took place. These sounds were attributed to the supposed 
giving way of the granular metal about the rivet holes, from time to 
time, as the plates bent at the joint. 

Fractures were started about the holes in the under plate. 

Maximum load* on joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 17, 760 

Tensile strain on net section of plate 31,100 

Compressive strain on bearing surface of rivets 41,500 

Shearing strain on rivets 34,280 
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No. 241. — i" Iron Plate. Joint A • 



T 



J! 



1 
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2JLO 
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$" iron rivets, "Burden's best." 

Punched holes: Punch, f|" diameter; die, ff" diameter. 

8qaare inohes. 

Gross sectional area of upper plate 5. 14 

Net sectional area of upper plate 2.94 

Bearing surface of rivets , 2.20 

Shearing area of rivets (".82 diameter) 2.64 



Loads ap- 
plied. 



Pounds. 

5,000 
10, 000 
20,000 
80,000 
35,000 

5,000 
10,000 
20,000 
30, 000 
35,000 

5,000 
10,000 
20,000 
30,000 
35, 000 
40,000 
45, 000 
50,000 

5,000 
10, 000 
20, 000 
30, 000 
40, 000 
50,000 
55,000 
60,000 
65,000 
70, 000 
75,000 
80, 000 
85,000 
90,000 
92,300 

70,000 



Elongation in 
10 inches. 



Inch. 
0. 

.0005 
.0020 
.0038 
.0052 



.0021 
.0035 
.0049 
.0055 



.0022 
.0038 
.0049 
.0058 
.0085 
.0121 
.0155 



.0085 

.0100 

.0112 

.0132 

.0160 

.0190 

.0221 

.0268 

.0370 

.0500 

.07 

.09 

.13 



Permanent 
set. 



Inch. 



0019 



0019 



0080 



Remarks. 



Joint opened peroeptibly. 
Joint opened ".01. 
Micrometer removed. 



Ultimate strength. Fractured 

npper plate. 
Load at time of fracture. 



Fractured in the same manner as A • Same description of appear- 
ance of fractures. 
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Maximum loads on joint. 

Pounds per sq. inofc. 

Tensile strain on gross section of plate 17, 690 

Tensile strain on net section of plate 31,396 

Compressive strain on bearing surface of rivets 41, 955 

Shearing strain ou rivets 34, 960 

* 

No. 292. — J" Ikon Plate. Joint A A . 
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f" iron rivets, "Burden's best." 
Drilled holes, ".81 diameter. 

Square indues. 

Gross sectional area of lower plate 5. 08 

Net sectional area of lower plate 3.03 

Bearing surface of rivets 2.05 

Shearing area of rivets (".81 diameter) 3.58 



Loads ap- 
plied. 


Elongation in 
10 inches. 

Inch. 
0. 

.0002 

.0008 

.0022 

.0032 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
20, ooe 
30, 000 
35,000 

5,000 
40,000 
45,000 
50,000 

5,000 
55,000 
60,000 
65,000 
70.000 
75,000 
80,000 
85,000 
90. 000 
05, 000 
08,100 


Inch. 


Joint opened perceptibly. 

Joint opened ".0L 
Joint open ".02. 
Joint open ".05. 

Ultimate strength. Sheared riv- 
ets. 










.0006 


.0065 
.0108 
.0148 






.0085 


.0100 

.0222 

.0280 

.0405 

.0570 

.0760 

.10 

.13 

.16 

.10 





















Average elongation of rivet holes, ".09. 
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Maximum loads on joint. 

Pounds per sq. inch* 

Tensile strain on gross section of under plate 19, 130 

Tensile strain on net section of under plate 32, 376 

Compressive strain on bearing surface of rivets 47, 850 

Shearing strain on rivets 38,020 

No. 293. — £" Iron Plate. Joint A A , . 

Same style of joint as No. 292. 
Upper plate, 1C.03 x ".510. 
Under pi ate, 10".03 x ".510. 
f " iron rivets, u Burden's best." 
Drilled holes, ".81 diameter. 

Square inches. 

Gross section al area of plate 5. 12 

Net sectional area of plate 3.05 

Bearing surface of rivets 2. 07 

Shearing area of rivets 2.58 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Bemarks. 


Pounds. 

5,000 

10,000 

20,000 

25,000 

30,000 

35,000 

5,000 

40,000 

45,000 

50,000 

60,000 

70, 000 

80,000 

90,000 

100, 000 

101, 200 


Inch, 

0. 

.0006 
.0019 
.0028 
.0038 
.0060 


Inch. 


Ultimate strength. Sheared rivets. 












.0022 


.0092 

.0130 

.0175 

.0275 

.0490 

.0860 

.15 

.23 

.24 

















Maximum loads on joint. 



Tensile strain on gross section of plate 

Tensile strain on net section of plate 

Compressive strain on bearing surface of rivets. 
Shearing strain on rivets 



Pounds per sq. inch. 

19,765 

33,180 

48,890 

39,220 



No. 327. — £" Wbought-ibon Plate. 
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Joint AAA 

~ f 



* 






c 



$" steel rivets ; |£" drilled holes. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Square inohes. 

Gross sectional area of upper plate 5. 11 

Net sectional area of upper plate 3. 04 

Bearing surface of rivets „ 2.06 

Shearing area of rivets (".81 diameter) 2.58 

Ultimate strength, 121,300 pounds. 

Sheared four rivets and tore out upper plate at one end rivet. 

Fractures started at rivet holes in upper plate. 

Average elongation of rivet holes in upper plate, ".15. 

Average elongation of rivet holes in lower plate, ".14. 

Maximum load* on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 23, 740 

Tensile strain on net section of upper plate 39,900 

Compressive strain on bearing surface of rivets 58,880 

Shearing strain on rivets 47,020 



No. 328.— £" Wrought Iron. Joint AAA 
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£ " steel rivets ; |f " drilled holes. 

Hquare inche*. 

Gross sectional area of upper plate 5. 10 

Net sectional area of upper plate 3.04 

Bearing surface of rivets 2.06 

Shearing area of rivets 2.58 

Ultimate strength, 123,400 pounds. 

Fractured plates opposite three rivets in upper plate and opposite 
two rivets in under plate. 
Seam in upper plate 4" wide. 



Maximum loads on joint. 

Pounds per sq. inoh. 

Tensile strain on gross section of upper plate 24,200 

Tensile strain on net section of upper plate 40,590 

Compressive strain on bearing surface of rivets 59,900 

Shearing strain on rivets 47,830 
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No. 329. — £" Wbought-iron Plate. Joint O 



T 



,1 

8 




T 



i 






2? 






t 



^R P- — 

Square inohe*. 

Grose sectional area of upper plate 5.16 

Net sectional area of upper plate .' 8.96 

Bearing surface of rivets 2.20 

Shearing area of rivets 5.19 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pound*. 
5,000 
10,000 
20,000 
30,000 
35, 000 
5,000 
40, 000 
50,000 
5,000 
55, 000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
95,000 

100,000 
5,000 

131, 200 


Inch. 

0. 

.0008 
.0015 
.0033 
.0042 


Inch. 


Ultimate strength. < 








.0005 


.0055 
.0080 




.0018 


.0099 
.0116 
.0142 
.0170 
.0212 
.0250 
.0300 
.0348 
.0400 
.0470 
















.0338 









Fractured upper plate across line of rivet holes. 
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No. 635. — y Iron Plate. Joint O • . 




§" iron rivets, "Burden's best." 

ranched holes: Punch, -J-f" diameter; die, £J" diameter. 

Square inches. 

Gross sectional area of plate 5.17 

Net sectional area of plate *. 2.97 

Bearing surface of rivets 2. 20 

Shearing area of rivets 6. 19 



1 

Loads ap- 
plied. 

Pounds. 
5,000 
10,000 


Elongation in 
10 inches. 


Permanent 
set* 


Bemarks. 


Inch. 
0. 


Inch. 


Ultimate strength. 
At time of fracture. 


.0000 




20, 000 ! . 0015 
30. 000 M>32 






35,000 

5,000 

40.000 


.0045 


.0005 


.0055 


50, 000 * 0081 




5,000 
55,000 
80,000 




.0020 


.0100 
.0120 




65, 000 i . 0141 
70, 000 0175 






75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

5,000 

127,480 

115, 000 


.0220 
.0260 
.0312 
.0370 
.0435 
.0518 














.0398 













Fractured upper plate across line of rivet holes. 

Maximum loads on joint. 

Pounds per sq. in*h> 

Tensile strain on gross section of plate 24,660 

Tensile strain on net section of plate 42,990 

Compressive strain on bearing surface of rivets 57, 960 

Shearing strain on rivets 24, 660 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 
SINGLE AND DOUBLE BIVETED LAP JOINTS, f" IRON PLATE. 

Kb. 730. — |" Ibon Plate. Set A . 
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V iron rivets, hand-driven. 

Punched holes: Punch, 1-jV' diameter; die, Ijfe" diameter. 

Square inohes. 

Gross sectiooal area of upper plate 6.2£ 

Net sectional area of upper plate 3.63 

Bearing surface of rivets .- 2.66 

Shearing area of rivets 3.55 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 

10, 000 

20,000 

30,000 

40,000 

50,000 

55,000 

60,000 

85,000 

70,000 

75,000 

80,000 

90,000 

95,000 

100,000 

110,000 

120, 000 

125,900 


Inch. 
0. 
.0001 


Inch. 


Snapping sound heard. 
Ultimate strength. 




.0009 
.0021 
.0038 
.0065 
.0080 
.0120 















.0148 




.0180 
.0240 
.0540 









.09 






.13 
.19 






.27 













Fractured upper plate across three rivet holes; lower plate fractured 
across two rivet holes. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 20, 020 

Tensile strain on net section of upper plate 34,680 

Compressive strain on bearing surface of rivets 47,510 

Shearing strain on rivets 35, 460 



60 



TESTS OF IKON AND 8TEEL AND OTHER MATERIALS. 



No. 731. — g" Iron Plate. Set A . . 
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1" iron rivets, hand- driven. 

Punched holes: Punch, 1£$" diameter; die, !-£$" diameter. 

Square inohea. 

Gross sectional area of under plate „ 6.28 

Net sectional area of under plate 3.62 

Bearing surface of rivets 2.65 

Shearing area of rivets ..3.56 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pound*. 

5,000 

10,000 

20,000 

80,000 

40,000 

45,000 

60,000 

65,000 

60,000 

06,000 

70,000 

75, 000 

80,000 

90,000 

100,000 

110, 000 

120,000 

124,000 


Inch. 
0. 

.0002 
.0010 
.0021 
.0040 
.0066 
.0078 
.0105 
.0140 
.0180 
.0250 
.0520 
.0708 
.09 
.15 
.22 
.29 


Inch. 


Ultimate strength. 









































Fractured under plate across line of rivet holes. 

Maximum loads on joint. 

Pounds per sq. Inch. 

Tensile strain on gross section of under plate 19, 750 

Tensile strain on net section of under plate 34, 230 

Compressive strain on bearing surface of rivets 46, 790 

Shearing strain on rivets 34,930 
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No. 732. — |" Iron Plate. Set . 



T 






i 
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1" iron rivets, hand-driven. 

Punched holes : Punch, 1-jV ' diameter ; die, l&" diameter. 

Square inches. 

Gross sectional area of under plate 6.48 

Net sectional area of nnder plate 3.74 

Bearing surface of rivets 5. 48 

Shearing area of rivets 7.09 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Bemarka. 


Pounds. 

5,000 

10,000 

20, 000 

30,000 

40,000 

i 50,000 

55,000 

80,000 

65,000 

70,000 

75, 000 

80,000 

85,000 

90,000 

95,000 

100,000 

105, 000 

110, 000 

130,000 

140, 000 

150.000 

180 000 

163,000 


Inch. 
0. 

.0002 
.0011 
.0025 
.6040 
.0080 
.0072 
.0091 
.0112 
.0135 
.0160 
.0190 
.0220 
.0251 
.0290 
.0320 
.0361 
.0405 
.08 
.10 
.14 
.17 


Inch. 


Ultimate strength. 















































Fractured under plate across line of rivet holes. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of nnder plate 25,150 

Tensile strain on net section of under plate .- 43,580 

Compressive strain on bearing surface of rivets 29,740 

Shearing strain on rivets 22,990 
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No. 733.— |" Iron Plate. Set . . 

Same style of joint as No. 732. 

Upper plate, 10".50x".613. 

Under plate, 10".50x".604. 

1" iron rivets, hand-driven. 

Punched holes: Punch, 1-jV' diameter; die, 1-fJ' diameter. 

Square inohee. 

Gross sectional area, of under plate 6.34 

Net sectional area of under plate 3/66 

Bearing surface of rivets 5.36 

Shearing area of rivets 7. Of 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Bern arks. 


Pounds. 

5,000 

10,000 

20, 000 

80,000 

40,000 

50,000 

55, 000 

60,000 

65,000 

70,000 

80,000 

90,000 

100,000 

110, 000 

120, 000 

130,000 

140, 000 

150,000 

160, 000 

167,800 


Inch. 
0. 

.0006 
.0018 
.0030 
.0048 
.0075 
.0093 
.0113 
.0140 
.0168 
. 0225 
.0298 
.0375 
.0470 
.06 
.07 
.08 
.10 
.14 


Inch. 


Ultimate strength. 













































Fractured under plate across line of rivet holes. 

Maximum loads on joint 

Pounds per aq. inefc. 

Tensile strain on gross section of under plate 26, 470 

Tensile strain on net section of under plate 45,H50 

Compressive strain on bearing surface of rivets 31, 310 

Shearing strain on rivets 23, 670 
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SINGLE AND DOUBLE RIVETED LAP JOINTS, f" IRON PLATE, 

No. 722.— f " Iron Plate. Set A . 



T 






* 





T 






D 



1£" iron rivets, hand-driven. 

Punched holes: Punch, 1-jY 7 diameter; die, 1&" diameter. 

Square inohea. 

Gross sectional area of under plate 8.38 

Net sectional area of under plate 4.93 

Bearing surface of rivets 3.44 

Shearing area of rivets 4.43 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Poundt. 

5,000 

10,000 

20,000 

80,000 

40,000 

50,000 

55,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

100,000 

110, 000 

120,000 

130, 000 

140,000 

144,400 


Inch. 

0. 

.0002 
.0010 
.0020 
.0032 
.0065 
.0088 
.0111 
.0141 
.0168 
.0105 
.0230 
.0400 
.0480 
.07 
.10 
.14 
.19 
.29 


Inch, 


Joint opened peroeptibly. 
Joint open ".03. 

Ultimate strength. 













































Fractured the under plate across line of rivet holes. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 17,230 

Tensile strain on net section of under plate 29,290 

Compressive strain on bearing surface of rivets 41, 980 

Shearing strain on rivets 32,600 
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No. 723.— 8" Iron plate. Set A . . 

Duplicate of A . No. 722. 
Upper plate, 12".02x".699. 
Under plate, 12".02x".697. 
. H" iron rivets, hand-driven. 
Punched holes: Punch, 1-rV' diameter; die, lfo" diameter. 

Square inohea. 

Gross sectional area of under plate 8. 38 

Net sectional area of nnder plate 4. 93 

Bearing surface of rivets 8.44 

Shearing area of rivets 4.43 



Loads ap- 
plied. 



Pounds. 

5,000 

10,000 

20,000 

30,000 

40,000 

45,000 

50,000 

55,000 

60, 000 

65, 000 

70,000 

75,000 

80,000 

85, 000 

90,000 

95,000 

100, 000 

110, 000 

120,000 

125,000 

130,000 

140, 000 

150,000 

151, 500 



Elongation in 
10 inches. 


Permanent 

set. 


Bern arks. 


Inch. 
0. 

.0002 
.0008 
.0012 
.0021 
. 0028 
.0041 
.0061 
.0085 
.0120 
.0148 
.0183 
.0210 
.0271 
.0370 
.0500 
.062 
.07 
.08 


Inch. 


Sharp sound heard. 
Ultimate strength. 
























1 


















.16 
.21 
.33 















Fractured the under plate across line of rivet holes. 
Snapping sounds heard at intervals after load on joint reached 125,000 
pounds. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 18, 080 

Tensile strain on net section of under plate 30,730 

Compressive strain on bearing surface of rivets 44, 040 

Shearing strain on rivets -«• -■ 34,200 
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No. 724.— f " Iron Plate. Set . 



T 



« 



i 




T 






i 




M_K_S 



J.JS 

1£" iron rivets, hand-driven. 

Punched holes* Punch, lyy diameter; die, l^y diameter. 

Square inches. 

Gross sectional area of under plate 8.41 

Net sectional area of under plate •. ,4.95 

Bearing surface of rivets.. 6.92 

Shearing area of rivets .8.86 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Bemarks. 


Pounds. 

5,000 

10,000 

20,000 

30, 000 

40,000 

50,000 

60,000 

70,000 

80,000 

85,000 

90,000 

95, 000 

100,000 

105,000 

110. 000 

120, 000 

130, 000 

140, 000 

150, 000 

162, 000 

170, 000 

180, 000 

200,000 

207,900 


Inch. 

0. 

.0002 
.0009 
.0018 
.0030 
.0045 
.0068 
.0098 
.0145 

, .0160 
.0190 
.0230 
.0255 
.0289 
.0320 
.08+ 
.04 
.05 
.06 
.07 
.10 
.13 
.23 


Inch, 


Sharp snapping sounds heard. 
Joint open ".02. 

intimate strength. 





















































Fractured under plate across line of rivet holes. 
After test upper plate found bent to an angle of 10°. 

S. Ex. I 5 
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Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 24,720 

Tensile strain on net section of under plate 42, 000 

Compressive strain on bearing surface of rivets 30,040 

Shearing strain on rivets 23,460 

No. 725.— %" Iron Plate. Set O . • 

Duplicate of O . No. 724. 

Upper plate, 12" x ".393. 

Under plate, 12" x ".681. 

1£" iron rivets, hand-driven. 

Punched holes: Punch, "l-j\ diameter; die, "1^ 3 - diameter. 

Square inches. 

Gross sectional area of nnder plate 8. 17 

Net sectional area of under plate 4.81 

Bearing surface of rivets - 6.72 

Shearing area of rivets 8.86 



Loads ap- 
plied. v 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 

10, 00j 

20,000 

30,000 

40,000 

50,000 

60,000 

70,000 

80,000 

90,000 

05,000 

100 000 

105, 000 

110, 000 

120, 000 

130,000 

140, 000 

150,000 

160,000 

170, 000 

180, 000 

390,000 

200, 000 

210, 000 

211, 400 


Inch. 
0. 

.0001 
.0008 
.0012 
.0020 
.0030 
.0050 
.0068 
.0092 
.0135 
.0160 
.0^5 
. 0210 
.0240 
.0308 
. 0380 
.0465 
.0575 
.07 
.09 
.11 
.15 
.18 
.22 


Inch. 


• 

Snapping sounds heard. 
Ultimate strength. 














• 





































Fractured under plate across line of rivet holes. 

Maximum loads on joint. 

Pounds pe^r sq inch. 

Tensile strain on gross section of under plate 25,870 

Tensile strain on net section of under plate 43,950 

Compressive strain on bearing surface of rivets 31,460 

Shearing strain on rivets 23,860 
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SINGLE-RIVETED LAP JOINTS, *" STEEL PLATE. 

No. 426. — £" Steel Plate. Joint A . 



T 



N 



i 



T 



5 



1 



25sS*^ifc 



§^ 



<*5e> 



X 



£" iron rivets, "Burden's best," machine driven. 

Punched holes: Punch, ".695 diameter; die, ".752 diameter. 

Square inches 

Gross sectional area of upper plate ~ 2.45 

Net sectional area of upper plate 1.57 

Bearing surface of rivets 882 

Shearing area of rivets ( '.70 diameter) 1.92 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 
6,000 

aooo 

10,000 
15,000 
20, 000 

5,000 
25,000 
30,000 
85,000 

5,000 
38, 000 
40,000 
42,000 
44,000 
46,000 
48,000 
50, 000 

5,000 
52,000 
54,000 
56,000 
58,000 
60,000 

5,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72, 000 
72,750 


Inch. 
0. 

.0004 
.0011 
.0022 
. 0035 


Inch. 


Calking shows decided movement 
of plates; also plates slightly 
bent. 

Continued bending of plates. 

Scale starts off upper plate along 
a line just touching rivet heads. 

Calking opened about ".06. 
"Ultimate strength. 










.0002 


.0051 
.0067 
.0090 

.0108 
.0122 
.0136 
.0152 
.0171 
.0198 
.0234 






.0031 














.0125 


. .0310 
.0365 
.0434 
.0491 
.0578 








.0432 


.0661 
.0758 
.0911 
.1102 
.1362 
.1790 
.2260 




















Sheared the rivets; all rivets appeared to shear at same time. Frac- 
tured slightly two rivets under upper heads. Fractured all the rivets 
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under the lower heads. No fractures started in the steel plates. Aver- 
age elongation of holes in the plate, ".07. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross, section of upper plate 29,690 

Tensile strain on net section of upper plate 46,340 

Compressive strain on bearing surface of rivets 62,480 

Shearing strain on rivets 37,890 

No. 427. — £" Steel Plate. Joint A • . 

Same style of joint as No. 426. 

Upper plate, 10" x ".247. 

Under plate, 10" x ".247. 

|" iron rivets, "Burden's best," machine-driven. 

Punched holes: Punch, ".695 diameter; die, ".752 diameter. 

Square inches. 

Gross sectional area of plate 2.47 

Net sectional area of plate 1.58 

Bearing surface of rivets 889 

Shearing area of rivets (".70 diameter) 1.92 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 
5,000 
8,000 
10,000 
15,000 
20,000 
5,000 
5,000 
20,000 
25,000 
30,000 
85,000 
5,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
5,000 
52,000 
64,000 
56,000 
58,000 
60,000 
.5,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,700 


Inch. 

0. 

0. 

0. 

.0001 
.0008 


Inch. 


New gauging* began. 

Calked loint opened about ".03. 
Scale has started on two rivet 
heads. 

Ultimate strength. Sheared 
rivets. 










.0009 


0. 

.0002 
.0010 
.0023 
.0040 


• 








.0020 


.0052 
.0063 
.0075 
.0089 
.0099 
.0112 
.0159 














.0090 


.0210 
.0258 
.0312 
.0370 
.0452 










.0852 


.0540 
.0620 
.0760 
.0890 
.1070 
.1660 















Alter the ultimate load was passed and the pressure running down 
gradually the rivets sheared not simultaneously, as appeared to be the 
case with A . , but one rivet snapped first, quickly followed by the sec- 
ond and third; the two remaining rivets sounded as one when they 
parted. 

Maximum loads on joints. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 29,430 

Tensile strain on net section of plate 46,010 

Compressive strain on bearing surface of rivets 81,780 

Shearing Btrain on rivets 37,860 
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No. 436.— J" Steel Plate. Joint A A • 






1 




T 






j£) ~^v 



r^ 



828 



§" steel rivets, machine driven. 

Punched holes : Punch, ".69 diameter j die, ".75 diameter. 

Square inches. 

Gross section al area of plate 2.45 

Net sectional area of plate 1.57 

Bearing surface of rivets 882 

Shearing area of rivets (".70 diameter) 1.92 



« 


Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 




Pounds, 
5,000 
10, 000 
15,000 
20,000 
25,000 
30,000 
85,000 
5,000 
88,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
5,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80, 000 
94,600 


Inch. 


Inch, 


The joint was not catked tight ; 
slightly open at the commence- 
ment of the test. 

Slight change in calking of joint 
is perceptible. 

Joint opened about ".03. 
Joint opened about ".05. 

Ultimate strength. 




.0007 
.0017 
.0031 
.0044 
.0067 
.0092 


























.0030 




.0108 
.0118 
.0130 
.0142 
.0153 
.0171 
.0187 
























• 




.0077 




.0207 
.0237 
.0263 
.0300 
.0332 
.0362 
.0411 
.0452 
.0521 
.0614 
.0690 
.0792 
.0882 
.1070 
.123 





































































Ultimate failure occurred by shearing the upper plate through the 
metal, as shown by the lines in the sketch. The first fracture which 
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appeared in Bight was at the end section at A. Holes in the under 
plate elongated about -fa" each. 

Appearance of fractures : Silvery scale not disturbed on the body of 
the specimen. 

Lap ends of plate bent about 12°. 



Maximum load* on joint. 

Found! per sq. inch. 

Tensile strain on gross section of pinto 3ri,G10 

Tensile strain on net section of plate 60, SCO 

Compressive strain on bearing surface of rivets 107,260 

Shearing strain on rivets 49,270 

No. 437. — £" Steel Plate. Joint A A . . 




I" steel rivets. 

Punched holes : Punch, ".CO diameter; die, ".75 diameter. 
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Square inches. 

Gross sectional area of plate 2.47 

Net sectional area of plate 1.58 

Bearing surface of rivets 889 

Shearing area of rivets (".70 diameter) 1. 92 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 

5,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70, 000 
74, 000 
78,000 
80,000 
90,000 
93,600 


Inch, 


Inch, 


Calking opened slightly in places. 
Joint opened ".01. 
Joint open about ".02. 

Joint open ".03. 

Scale started on rivet heads. 

Joint open ".04. 

Ultimate strength. 


.0010 
.0025 
.0040 
.0061 
.0082 
.0108 






m 








.0035 


.0120 

.0130 

.0140* 

#0150 

.0165 

.0178 

.0191 

.0211 

.0235 

.0260 

.0295 

.0329 

.0360 

.0402 

.0445 

.0518 

.0599 

.0755 

.0950 

.1095 

.2470 

.8770 












• 



































Joint failed similar to A A* . by shearing plate, fractures beginning at 
the rivet holes. 

Test discontinued before the fractures were all developed, the first 
fracture appearing at the second rivet from side of plate. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 37,895 

Tensile strain on net section of plate 59,240 

Compressive strain on bearing surface of rivets 105, 290 

Shearing strain on rivets 48, 750 
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No. 428. — \" Steel Plate. Joint . 



T 






1 








|" iron rivets, "Burden's best," machine-drawn. 
Drilled holes, ".69 diameter. 

Square inches. 

Gross sectional area of plate 2.53 

Net sectional area of plate 1.66 

Bearing surface of rivets 873 

Shearing area of rivets (".69 diameter) 1.87 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pound*. 

5,000 

8,000 
10,000 
15,000 
20,000 

5,000 
25,000 
80,000 
82,000 
34,000 
35,000 

5,000 
86,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 

5,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
67,980 


Inch. 

0. 

.0006 
.0010 
.0020 
.0040 


Inch. 


Scale started on two rivet heads ; 
calking opened slightly. 

Calked joint opened about ".02. 
Ultimate strength. 










.0006 


.0057 
.0089 
.0097 
.0103 
.0109 










.0031 


.0113 
.0122 
.0136 
.0149 
.0161 
.0179 
.0223 
.0299 
















.0161 


. 0361 
.0430 
.0520 
.0620 
.0730 
.0910 
.1070 
.1330 
.2090 
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Joint failed by shearing rivets and tearing off rivet heads. 
Elongation of holes after fracture about ".07. 

Rema&s. — The form of the rivet heads appears to be such as to develop weakness 
under the heads ; the conical head being weak and easily bent at the edge, brings a 
strain tending to tear off the head, which, is illustrated by the failare specimens A • 
A . . and C • 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 26,870 

Tensile strain on net section of plate 40,950 

Compressive strain on bearing surface of rivets 77,870 

Shearing strain on rivets 36,350 

No. 429.— 1" Steel Plate. Joint O • • 



Same style of joint as No. 428. 

Upper plate, 10" x ".248. 

Under plate, 10" x ".248. 

|" iron rivets, " Burden's best," machine-drawn. 

Drilled holes, ".69 diameter. 

Square inches. 

Gross sectional area of plate '. 2.48 

Net sectional area of plate 1.62 

Bearing surface of rivets 856 

Shearing area of rivets (".69 diameter) 1.87 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 

8,000 
10,000 
15,000 
20,000 

5,000 
25,000 
30,000 
35,000 

5,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
68,650 


Inch. 


Inch. 


Ultimate strength. 


.0008 
.0015 
.0027 
.0045 










.0006 


.0062 
.0087 
.0116 






.0033 


.0136 
.0155 
.0172 
.0195 
.0227 
.0276 
.0327 
.0390 
.0450 
.0530 
.0620 
.0720 
.1860 





























Failed by shearing the rivets. 

Fractures started under rivet heads. 

* 

Maximum loads on joint. 

Pounds per sq. inch 

Tensile strain on gross section of plate 27,680 

Tensile strain on net section of plate 42,370 

Compressive strain on bearing surface of rivets 80,200 

Shearing strain on rivets 36,710 
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No. 438.— J" Steel Plate. Joint 



T 



I 



i 




T 



1 



*1 



1 






<2Jzi > 



f " steel rivets, tool-steel. 
Drilled holes, ".60 diameter. 

Square inches. 

Gross sectional area of plate 2.63 

Net sectional area of plate 1.66 

Bearing surface of rivets 873 

Shearing area of rivets (".69 diameter) „ 1.87 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
Bet. 


Remarks. 


Pound*. 

5,000 
10,000 
15,000 
20, 000 
25, 000 
30,000 
35, 000 

5,000 
38, 000 
40, 000 
42,000 
44,000 
46, 000 
48.000 
50,000 

5,000 
52, 000 
54,000 
56, 000 
58, 000 
60, 000 
62, 000 
64,000 
66,000 
68, 000 
70, 000 
74, 000 
78, 000 
80, 000 
90, 000 
96, 000 
104, 900 


Inch. 


Inch. 


Perceptible opening of joint. 
Joint opened ".01 

Joint open ".02. 
Joint open ".OS. 
Joint open ".04. 

Joint open ".05. 
Joint open ".06 to ".07. 

Ultimate strength. 


.0010 
.0020 
.0035 
.0049 
.0068 
.0091 












.0040 


.0110 
. 0120 
J0130 
.0145 
.0160 
.0170 
.0190 

.0210 
. 0230 
, . 0258 
.0290 
.0320 
. 0358 
.0390 
.0430 
.0475 
. 0522 
.0640 
.0800 
.0930 
.1910 
.3270 














.0098 





































Tore under plate through line of rivets, fracture first making its 
appearance at second rivet hole. Before the ultimate strain was 
reached the under plate had stretched about the holes to such an 
extent that some of the holes were in sight beyond the rivet heads. 
After fracture the average elongation of holes in the fractured plate 
was ".55. Fracture silky and the metal well drawn down. One rivet 
was weakened by the shearing strain. 
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Maximum loads on joint. 

Pounds per sq. incb. 

Tensile strain on gross section of plate 41,460 

Tensile strain on net section of plate 63,190 

Compressive strain on bearing section of rivets 120,160 

Shearing strain on rivets..., 56,100 

No. 439.—J" Steel Plate. Joint CO. 

Same style of joint as No. 438. 
Upper plate, 10" x ".248. 
Under plate, 10" x ".245. 
|" steel rivets, tool-steel. 
Drilled boles, ".69 diameter. 

Square inches. 

Gross sectional area of plate , 2.45 

Net sectional area of plate 1.60- 

Bearing surface of rivets 845 

Shearing area of rivets (".69 diameter) 1.87 





Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 




Pounds. 

». ooa 

10. 000 
15,000 
20.000 
25.000 
30, 000 
35,000 
5,000 
38,000 
40,000 
42,000 

45, 000 

48, 000 

50,000 

5,000 

52,000 
55, 000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
75,000 
80,000 
90,000 
08, 100 


Ineh . 


Inch, 


Perceptible starting of the calked 
joint. 

Joint opened about ".00$. 

Joint closes where strains are re* 

leased. 
Joint open ".01. 

Joint open ".05. 
Joint open ".06. 

Ultimate strength. 




.0012 
.0022 
.0037 
.0052 
.0072 
.0101 

.0114 
.0128 
.0142 

.0163 
.0102 
.0214 


























.0032 
























.0103 




.0242 
.0300 
.0361 
.0402 
.0450 
.0492 
.0552 
.0622 
.0713 
.1002 
.1462 
.3510 

























































Fractured through the under plate same as O O • Before the ultimate 
load was reached the holes in the under plate had elongated so as to 
appear beyond the rivet heads. After fracture, average elongation of 
holes in fractured plate ".53; metal well drawn down. Total width of 
steel reduced about ".06, the joint ends puckered, presenting wavy 
lines. The holes in the upper plate elongated about ".28 each. Oppo- 
site one rivet the metal began to fracture from the end of the plate. 
When final fracture occurred the metal gave way, first at the inside 
sections. The rivets were weakened and indented about ".04 by the 
shearing strain. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 40,040 

Tensile strain on net section of plate 61, 310 

Compressive strain on bearing surface of rivets 116, 090 

Shearing strain on rivet 52, '460 



76 



TESTS OP IRON AND STEEL AND OTHEK MATERIALS. 



No. 49.— J" Steel Plate. Joint OOO. 



T 



§ 

*• 

** 
§ 



1 



O 

o 

. o 
i o 

lo 



T 






1 



Five g" steel rivets. 
Drilled holes, ".69 diameter. 






Square inches. 

Gross sectional area of under plat© 2. 49 

Net sectional area of under plate 1.63 

Bearing surface of rivets 8.56 

Shearing area of rivets 1.57 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
eet. 


Remarks. 


Poundt. 

5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35, 000 

5,000 
40,000 
45,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76.000 
78,000 
80,000 
08,100 


Ineh. 
0. 

.0005 
.0910 
.0020 
.0035 
.0050 
.0080 


Inch. 


Joint started perceptibly. 
Joint open ".01. 

Joint open ".03. 

Joint open ".04. 

• 

Joint open ".05. 

Ultimate strength. Sheared rivets. 












.0035 


.0110 
.0143 
.0182 
.0108 
.0218 
.0245 
.0270 
.0306 
.0345 
.0465 
.0530 
.0585 
.0688 
.0768 
.0870 
.0960 
.1090 
.1218 










































Average elongation of holes, ".18. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate. 39,400 

Tensile strain on net section of plate 60, 184 

Compressive strain on bearing surface of rivets 114, 603 

Shearing strain on rivets 52,742 
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TS(o. 50.— J" Steel Plate. Joint • 
A 



8. 







8 

* 




TL 

Five |" steel rivets. 
Drilled holes, ".69 diameter. 

Square inohea. 

Gross sectional area of upper plate 2.50 

Net sectional area of upper plate - 1.64 

Bearing surface of rivets 859 

Shearing area of rivets 1.86 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
20,000 
30,000 
35,000 

5,000 
40,000 
45,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
94,200 


Inch, 

o. 

.0008 
.0030 
.0060 
.0090 


Inch. 


• 

Joint started perseptibly. 
Joint open ".01. 

Joint open ".02. 
Joint open ".03. 
Joint open ".04. 

Joint open ".05. 

Ultimate strength. Sheared fonr 
rivets. Tore out plate at end 
rivet. 










.0040 


.0125 
.0151 
.0188 
.0210 
.0235 
.0280 
.0350 
.0395 
.0452 
.0508 
.0568 
.0640 
.0710 
.0790 
.0880 
.0988 
.1112 
.1275 
























- 












 







Elongation of inside holes, ".12 each. 
Elongation of end hole, ".26. 

Maximum loads on joint. 

Pounds per sq. inoh. 

Tensile strain on gross section of plate . 37,680 

Tensile strain on net section of plate 57, 439 

Compressive strain on bearing surface of rivets 109,650 

Shearing strain on rivets 50,645 



78 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Eo. 430.— i" Steel Plate. 



Joint B 

* — 






2V 






<• x - > 




2? > 



|" steel rivets. 

Drilled holes, ".69 diameter. 

Square inches. 

Gross sectional area of plate 2.44 

Net sectional area of plate 1.40 

Bearing surface of rivets 1.04 

Shearing area of rivets (".69 diameter) 2.24 



Loads ap- 
plied. 



Pounds. 

5,000 

8,000 
10,000 
15,000 
20,000 

5,000 
25,000 
30,000 
35,000 

5,000 
40, 000 
42,000 
44*000 
46, 000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 



5,000 
10,000 
15,000 
20,000 
25,000 
30,000 
35,000 
40,000 
50,000 
60,000 



f 



62,000 
64,000 
66,000 
68,000 
70,000 
7*2,000 
74,000 
76,000 
78, 000 
80,000 
82,000 
84,000 
93,600 



Elongation in 
10 inches. 



Inch. 



.0007 
.0013 
.0030 
.0045 



.0064 
.0085 
.0110 



.0135 
.0147 
.0160 
.0173 
.0187 
.0205 
.0223 
.0245 
.0265 
.0295 
.0321 



.0012 
.0022 
.0037 
.0052 
.0067 
.0067 
. 0082 
.0110 
.0142 



.0332 
.0364 
.0395 
.0431 
.0460 
.0500 
.0540 
.0595 
.0681 
.0745 
.0833 
.0947 



Permanent 
set 



Inch. 



.0010 



.0033 



Remarks. 



Calked joint slightly started. 



.0173 



Ultimate strength. 
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Failed by fracturing the under plate through rivet holes. 
Silky fractures slightly lamellar, metal well drawn down. 
Scale started on rivet heads; otherwise they appear undisturbed. 
After the test the rivets were loose in the plate not fractured. 
Fracture began at one edge and in first section between rivets. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain Qn gross section of lower plate. . -t 38, 360 

Tensile strain on net section of lower plate 66,8(50 

Compressive strain on bearing surface of rivets 90,000 

Skearing strain on rivets • 




Sketch, drawn one-third size, showing shape of rivet holes in fractured plate. 

Ko. 431.— £" Steel Pl^te. Joint E . . 

Same style of joint as No. 430. 
Upper plate, 9".75 x ".250. 
Under plate, 9." 75 x. "250. 
|" steel rivets. 
Drilled holes, ".69 diameter. 

Square inches. 

Gross sectional area of plate 2.44 

Net sectional area of plate 1.40 

Bearing surface of rivets 1.04 

Shearing area of rivets (".<59 diameter) 2.24 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
15, 000 
20, 000 
25,000 
30,000 
3?, 000 

5,000 
40,000 
42, 000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56, 000 
58,000 
60,000 

5,000 
62,000 
64,000 
66,000 
68,000 
70, 000 
72,000 
74,000 
76,000 
78,000 
80,000 
98, 000 


Inch. 


Inch. 


Calked joint slipped but not 
opened. 

Rivet heads scale off. Joint is 
about ".03 open. 

Ultimate strength. 

 


.0004 
.0010 
.0018 
.0031 
.0045 
.0065 














.0025 


. 0091 


.0103 
.0114 
.0130 
.0145 
.0164 
.0183 
.0205 
.0233 
.0256 
.0285 




















.0180 


.0311 
.0343 
.0374 
.0405 
.0447 
.0493 
.0526 
.0583 
.0673 
.0860 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Fractured under plate through line of rivet holes same as E . The 
upper plate drew down in total width about ".10, causing the joint to 
pucker. Fine silky fractures, the metal well drawn down. Fracture 
began on one side, then reaching across the plate, beginning the frac- 
ture on the opposite side as it stood in the testing machine from the 
fracture of E , 

Maximum toads on joint 

9 Pounds per sq. inch. 

Tensile strain on gross section of plate •. 40,160 

Tensile strain on net section of plate 70,000 

Compressive strain on bearing surface of rivets 94,230 

Shearing strain on rivets 



Ko. 47. — i" Steel Plate. Joint H . 



T 



T 



X 









o 
o 
o 
o 
o 
o 
o 
o 



*> 



5 



I 






4> 

< X *0> 

Eight -ft" steel rivets. 
Drilled holes, ".50 diameter. 

Square inches. 

Gross sectional area of npper plate 2.66 

Net sectional area of npper plate* 1.64 

Bearing surface of rivets 1.01 

Shearing area of rivets , 1.572 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10, 000 
15,000 
20,000 
80,000 
85,000 

5,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 

5,000 
52,000 
64,000 
56,000 
58,000 
60,000 


Inch. 
0. 

.0008 
.0020 
.0028 
.0050 
.0070 


Inch. 


Scale starts on rivet heads. 
Joint started perceptibly. 










.0025 


.0095 
.0108 
.0120 
.0133 
.0150 
.0170 










.0075 


.0195 
.0220 
.0249 
.0270 
.0300 
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Loads ap- 
plied. 


Elongation in 
10 inches. 


P Tet neDt Remarks. 


Pounds. 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
92,000 
96,600 

102, 400 


Inch. 

.0320 

.0350 

.0380 

.0420 

.0461 

.0500 

.0549 

.0590 

.0652 

.0695 

.0758 

.0830 

.0890 

.0972 

.1072 

.1250 


Inch. 


Joint open ".01. 

Joint open ".02. 
Joint open ".03. 

Joint open ".06. 

Rapid stretching of plate. 
Ultimate strength. Sheared rivets. 







































The inside of the upper plate showed very complete removal of scale. 
The outside of this plate the scale not removed partially. This behavior 
would naturally follow from the bending of the plate while ujider ten- 
sile stress, elongating the fibers on the convex side of the sheet more than 
the fibers on the concave side. 

Average elongation of rivet holes, ".10. 

Maximum loads an joint. 

Pounds per sq. inch* 

Tensile strain ou gross section of upper plate , 38,496 

Tensile strain on net section of upper plate 62,440 

Compressive strain on bearing surface of rivets 101, 180 

Shearing strain on rivets 65, 220 

No. 48.— £" Steel Plate. Joint H . . 



J 










3 



.*_ 



4£- 

< JT90> 

Bight -ft" steel rivets. 
Drilled holes, ".50 diameter. 

Square inches. 

Gross sectional area of plate 2.625 

Net sectional area of plate 1.625 

Bearing surface of rivets 1.00 

Shearing area of rivets 1.57 

S. Ex. 1 6 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
20, 000 
30,000 
35,000 

5,000 
40, 000 
45,000 
48, 000 
50,000 
52, 000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,006 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 
82,000 
84,000 
86,000 
88,000 
90,000 
94,800 


i 

Inch. 
0. 

.0009 

.0030 

.0060 

.0081 


Inch. . 


Scale started on rivet heads. Joint 
started perceptibly. 

Joint open ".01. 

Joint open ".02. 
Joint open ".03. 

Joint open ".06. 

Ultimate strength. Sheared seven 

rivets and tore out plate at end 

rivet. 












.0023 


.0110 
.0140 
.0162 
.0180 
.0200 
.0228 
.0248 
.0272 
.0300 
.0320 
.0350 
.0378 
.0400 
.0440 
.0478 
.0521 
.0565 
.0610 
.0670 
.0722 
.0790 
.0860 
.0935 
.1040 





















































Average elongation of holes, ".07. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 36, 114 

Tensile strain on net section of plate 58,338 

Compressive strain on bearing surface of rivets 94,880 

Shearing strain on rivets * 60, 382 

DOUBLE-RIVETED LAP JOINTS, i" STEEL PLATE. 

!No. 432.— J" Steel Plate. Joint F • 



» 







I 



R 







£" iron rivets, a Burden's best." 

Punched holes: Punch, ".695 diameter ) die, ".752 diameter. 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



83 



Square inches. 

Gross sectional area of plate „ 2. 4£ 

Net sectional area of plate 1.59 

Bearing surface of rivets 1.79 

Shearing area of rivets (".70 diameter) 3. 85 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
15, 000 
20, 000 

5,000 
25, 000 
30, 000 
35, 000 

5,000 
40,000 
42,000 
44,000 
46, 000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 

5,000 
62,000 
64,000 
66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80, 000 
82,000 
84,000 
86,000 
97,800 


Inch. 


Inch. 


Calked joint opened about ".01. 

Calked joint opened about ".03. 

Joint opened about ".04 to ".05. 
Ultimate strength. 


.0012 
.0026 
.0041 








.0009 


.0055 
.0071 
.0089 






.0028 


.0110 

.0118 
.0125 
.0133 
.0142 












.0161 
.0175 
.0182 
.0196 
.0210 

.0220 
.0232 
.0250 
.0260 
.0280 
.0298 
.0316 
.0340 
.0369 
.0405 
.0440 
.0500 
.0610 












.0116 

































Fractured upper plate through line of rivet holes. Fractures began 
at the rivet holes weakening the whole plate at the same time, the 
bent and marked edge apparently not effecting the manner of fracture 
Fractures fine silky; metal well drawn down. The fractured plate had 
the die-side in. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 39,280 

Tensile strain on net section of plate 61,510 

Compressive strain on bearing surface of rivets •. . 54, 640 

Shearing strain on rivets 25,400 

No. 433. — i" Steel Plate. Joint F . . 



Same style of joint as No. 432. 

Upper plate, 10" x ".248. 

Under plate, 10" x ".254. 

|" iron rivets, u Burden's best." 

Punched holes: Punch, ".695 diameter; die, ".752 diameter. 

Square inches. 

Gross sectional area of plate 2.54 

Net sectional area of plate 1.63 

Bearing surface of rivets I.b3 

Shearing area of rivets (".70 diameter) 3.85 
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TESTS OP IRON AND STEEL AND OTHER MATERIALS. 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent * 
set. 


• 

Bemarks. 


Pounds. 

5,000 
19,000 
15,000 
20,000 

5,000 
25,000 
30,000 
85,000 

5,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
52,000 
56,000 
58,000 
60,000 

5,000 
62, 000 
64,000 
66,000 
68,000 
70, 000 
72,000 
74,000 
76,000 
78,000 
80,060 
82,000 
84,000 
86,000 
88,000 
90,0(HW 
98, 300 


Inch. 


Inch. 


i 
Calked joint opened about ".01. 

Ultimate strength. 


.0013 
.0026 
.0038 






.0008 


.0048 
.0063 
.0079 






.0018 


.0098 
.0100 
.0108 
.0118 
.0126 
.0131 
.0138 
.0158 
.0168 
.0179 

.0193 
.0297 
.0218 
.0238 
.0257 
.0268 
.0290 
.0318 
.0343 
.0374 
.0408 
.0456 
.0517 
.0630 
.0750 






•••••*•• • • •  












.0070 





































Fractured lower plate across line of rivet holes; appearance of fract- 
ure, silky; metal well drawn down. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 38, 700 

Tensile strain on net section of plate 60,1300 

Compressive strain on bearing surface of rivets 63,715 

Shearing strain on rivets 25, 530 

No. 434.— J" Steel Plate. Joint G • 



3 



% 




i 

K 

*1 



£ " iron rivets, " Burden's best." 

Punched holes : Punch, ".695 diameter; die, .752 diameter. 



TESTS OP IRON AND STEEL AND OTHER MATERIALS. 



85 



Square inches. 

Gross sectional area of plate 2. 55 

Net sectional area of plate 1.61 

Bearing surface of rivets 1. 63 

Shearing area of rivets (".70 diameter) 3. 46 



1 Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 

set. 


Remarks. 


Pounds. 

5,000 
10, 000 
15, 000 
20, 000 

5,000 
25, 000 
30,000 
35, 000 

5,000 
40,000 
42, 000 
44,000 
46,000 
48,000 
50,000 
52, 000 
54,000 
56, 000 
58,000 
60,000 

5,000 
62, 000 
64,000 
66, 000 
88.000 
Ti), 000 
72, 000 
74, 000 
76, 000 
78, 000 
80, 000 
82, 000 
84,000 
86, 000 
88, 000 
90,000 
105, 300 


Inch. 


Inch. 


Joint opened about ".01 or less. 

Joint opened about ".03. 
Ultimate strength. 




.0014 
.0027 
.0039 








.0009 


.0054 
.0071 
.0091 






.0031 


.oin 

.0127 
.0135 
.0149 
.0159 
.0168 
.0179 
.0190 
.0200 
.0214 
.0229 






















.0109 


.0240 
.0249 
.0264 
.0279 
.0298 
.0314 
.0338 
.0361 
.0404 
.0445 
.0505 
.0541 
.0634 
.0724 
.0890 














s 





















Fractured upper plate through line of four rivet holes. The fracture 
began at the holes. 

Metal silky in appearance and well drawn down. After fracture the 
slip of the plates at the calked joint measured ".15. The joint was very 
greasy from oil used in punching. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 41, 785 

Tensile stain on net section of plate 65, 400' 

Compressive strain on bearing surface of rivets. 64, 600 

Shearing strain on rivets 30, 430 

No. 435. — J" Steel Plate. Joint G . . 

Same style of joint as No. 434. 

Upper plate, 10" x ".254. 

Under plate, 10" x ".254. 

|" iron rivets, "Burden's best." 

Punched holes: Punch, ".695 diameter 5 die, ".752 diameter. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Square inches. 

Oross sectional area of plate 2.54 

Net sectional area of plate 1.63 

Bearing surface of rivets 1. 66 

Shearing area of rivets (".70 diameter) « 3.46 

Specimen warped on the side. 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
15,000 
20,000 

5,000 
25,000 
30,000 
35,000 

5,000 
40,000 
44,000 
48, 000 
50,000 
52,000 
54,000 
56, 000 
58,000 
60,000 

5,000 
62,000 
64,000 
66,000 
68, 000 
70,000 
72, 000 
74,000 
76,000 
78,000 
80, 000 
82,000 
84,000 
86,000 
88,000 
90,000 
105, 300 


Inch. 


Inch. 


Joint hardly disturbed. 


.0003 

. .0010 

.0014 








.0003 


.0024 
.0037 
.0053 






.0012 


.0077 
.0092 
.0110 
.0122 
.0131 
.0142 
.0152 
.0162 
.0172 
















.0077 


.0182 
.0192 
.0203 
.0217 
.0232 
.0252 
.0272 
.0294 
.0332 
.0374 
.0434 
.0502 
.0567 
.0670 
.0840 


 












. 



















Joint opened about ".03. 
Ultimate strength. 





















Failure occurred in the same manner as with G . Appearance of 
fracture, silky. Metal well drawn down. Joint greasy from oil used in 
punching. 

The slip of the plates at the calked edge after fracture measured ".20, 
the joint remaining open about ".05 to ".06. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 41,460 

Tensile strain on net section of plate 64,600 

Compressive strain on bearing surface of rivets 63, 430 

Shearing rtrain on rivets 30,430 • 
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No. 87.— J" Steel Plate. Joint I . 







4 



< £."4S > 



-&" steel rivets. 

Drilled holes, ".50 diameter. 

Square inches. 

Gross sectional area of upper plate 2. 41 

Net sectional area of upper plate 1. 80 

Bearing surface of rivets 1. 08 

Shearing area of rivets 1. 77 



Loads ap- 
plied. 



Pounds. 
5,000 
10, 000 
20, 000 
30,000 
35, 000 
40, 000 
45,000 
50,000 
5,000 
55,-000 
60,000 
65, 000 
70,000 
75, 000 
80,000 
85,000 
90,000 

102, 500 



Elongation in 
10 inches. 



Inch. 
0. 

.0002 
.0012 
.0028 
. 0038 
.0050 
.0068 
.0090 



.0120 
.0155 
.0195 
.0240 
.0305 
.0390 
.0515 
.0715 



Permanent 
set. 



Inch. 



Remarks. 



.0045 



Joint opened perceptibly. 
Joint opened ".01. 

Joint opened ".02. Rapid stretch- 
ing of plate. 

Ultimate strength. Sheared six 
rivets and tore out plate at three 
rivets. 



£* Average elongation of holes, about ".15. 

||The minimum elongation, ".07; maximum, ".28. 

fr The metal on one side of the plate proved its elastic limit before the 

full surface, owing to the plates not being riveted together in line. 

Maximum loads on joint. 

Pounds per sq. inch, 

Tensile strain on gross section of plate 42, 530 

Tensile strain on net section of plate 56,944 

Compressive strain on bearing surface of rivets 94,910 

Shearing strain on rivets j. 57, 910 



TESTS OK IRON AND STEEL AND OTHEfi MATERIALS. 
Mo. 88. — J" Steel Plate. Joint I . . 



•&" steel rivets. 

Drilled holes, ".50 diameter. 

8qn»re inch™. 

Gross section al area of plate 2.41 

Net sectional area of plate 1.83 

Bearing surface of rivets 1.10 

Shearing area of rivets 1.77 



Loads up 
piled. 


Elongation in 


Fercrmnent 


iifimjvrkn. 


Pouttdt. 
6,01)0 

45| WO 
fi!ooo 

55.000 
SO, 000 

7M00 
75,000 

90,000 

ids! 200 


Tnrh 

.00*8 
0183 


Inch 


Joint opened perceptibly. 
Joint opened ."01. 

Joint opened ."02. 
Ultimate strength. Tore upper 
plate, as uli" wn by linos on iketoh. 












-WTO 


.0108 

!<MM 

!07M 
.1*60 














..... 









Fine silky fractures; metal well drawn down. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 44 344 

Tensile strain on net section of plate 59 130 

Compressive strain on bearing surface of rivets 98,' 360 

Shearing strain on rivets gj 130 
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SINGLE-RIVETED LAP JOINTS, f" STEEL PLATE. 

No. 51. — |" Steel Plate. Joint A . 
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\#' iron rivets, " Burden's best." 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 

Square inches. 

Gross sectional area of lower plate 3.73 

Net sectional area of lower plate 2. 30 

Bearing surface of rivets 1. 427 

Shearing area of rivets (".76 diameter) 2. 27 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
20, 000 
30, 000 
35, 000 

5,000 
40, 000 
45,000 
50,000 
55,000 
60,000 
65, 000 
70, 000 
75, 000 
90,200 


Inch. 
0. 

.0008 
.0022 
.0060 
.0082 


Inch. 


Joint opened less than ".01. 
Joint opened ".02. 
Joint opened ".04. 

Ultimate strength. Sheared rivets. 






.0038 


. 0115 
.0140 
.0182 
.0248 
.0328 
.0495 
.0699 
.0980 


















 





Eivet holes elongated from ".03 to ".05. 

Maximum loads on joint. 

Pounds per sq. inoh. 

Tensile strain on gross section of plate 24, 180 

Tensile strain on net section of plate *■- 39,220 

Compressive strain on bearing surface of rivets --. 63, 210 

Shearing strain on rivets 39,740 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



No. 52. — $" Steel Plate. Joint A . . 
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\% n iron rivets, "Burden's best." 
Punched holes. 

Square inches. 

Gross sectional area of upper plate 3.73 

Net sectional area of upper plate 2. 30 

Bearing surface of rivets ,. 1.427 

Shearing area of rivets (".76 diameter) 2.27 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10, 000 
20, 000 
80, 000 
35, (00 

5,000 
88,000 
40,000 
42, 000 
44,000 
46, 000 
48,000 
50,000 
52, 000 
54,000 
56,000 
58,000 
60, 000 
62, 000 
64, 000 
66, 000 
68, 000 
70,000 

5,000 
86,700 


Inch. 
.0 

.0008 
.0020 
.0060 
.0085 


Inch. 


Joint started perceptibly. 

Joint opened about ".01. 

Joint opened ".02. 
Joint opened ".04. 
Joint opened ".05. 

Ultimate strength. Sheared rivets. 






.0039 


.0108 

.0118 

.0130 

.0145 

.0158 

.0172 ' 

.0189 

.0206 

.0230 

.0265 

.0318 

.0370 

.0420 

.0485 

.0560 

.0635 

.0728 


































. 0553 









Eivet holes elongated from ".03 to ".05. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 23,240 

Tensile strain on net section of plate 37, 700 

Compressive strain on bearing surface of rivets 60, 760 

Shearing strain on rivets 38,190 
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No. 53. — |" Steel Plate. Joint A A . 
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W" steel rivets. 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 

Square inches. 

Gross sectional area of lower plate 3. 75 

Net sectional area of lower plate 2.32 

Bearing surface of rivets 1.43 

Shearing area of rivets (".76 diameter) 2. 27 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 
5,000 
10,000 
20,000 
30, 000 
85, 000 
5,000 
38,000 
40,000 
44, 000 
46,000 
48,000 
50, 000 
52, 000 
54,000 
56,000 
58,000 
60,000 
62,000 
64,000 
66,000 
68,000 
70, 000 
72, 000 
74,000 
76, 000 
78, 000 
80,000 
82,000 
84,000 
86, 000 
88,000 
90,000 

128, 100 


Inch. 
0. 

.0008 
.0025 
.0060 
.0080 


Inch. 


i 

Joint opened slightly. 

Joint opened ".01. 
Joint open ".02. 
Joint open ".03. 
Joint open ".04. 
Joint open ".05. 

Ultimate strength. Sheared riv- 
ets. 






.0030 


.0095 
.0110 
.0120 
.0130 
.0142 
.0159 
.0172 
.0190 
.0203 
.0230 
.0260 
.0300 
.0340 
.0382 
.0420 
.0461 
.0510 
.0558 
.0605 
.0661 
.0T25 
.0789 
.0845 
.0908 
.0980 
.1060 



























































Average elongation of holes, ".12. 

Incipient fractures about rivet holes, indicating a close approach to 
the ultimate strength of the plate. 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Maximum loads on joint. 



Tensile strain on gross section of lower plate... 

Tensile strain on net section of lower plate 

Compressive strain on bearing surface of rivets 
Shearing strain on rivets 



Pounds per sq. inch. 

34,160 

55,215 

89,580 

56,430 



No. 54. — §" Steel Plate. Joint A A 
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W steel rivets. 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 

* 

Square inches. 

Gross sectional area of lower plate 3.75 

Net sectional area of lower plate 2. 32 

Bearing surface of rivets * 1.42 

Shearing area of rivets (".76 diameter) 2. 27 



Loads ap- 
plied. 


Elongation in 
10 inohes. 


Permanent 
set. 


Remarks. 


Pounds. 
5,000 
10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 

125, 900 


Inch. 

0. 

.0008 
.0020 
.0048 
.0090 
.0149 
.0251 
.0450 
.0688 
.1038 


Inch. 


Joint open about ".01. 

Ultimate strength. Sheared riv- 
ets. 



























Incipient fracture about rivet holes same as were developed in speci- 
men A A • 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 33,840 

Tensile strain on net section of upper plate 54,740 

Compressive strain on bearing surface of rivets 88,660 

Shearing strain on rivets 55, 460 
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No. 55. — f" Steel Plate. Joint E . 



T 
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\t" steel rivets. 
Drilled holes, ".77 diameter. 

Square inches. 

Gross sectional area of plate 3.97 

Net sectional area of plate 2. 22 

Bearing surface of rivets 1. 746 

Shearing area of rivets (".77 diameter) 2. 79 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Poundi. 

5,000 

10,000 

20,000 

30,000 

35,000 

5,000 

40,000 

45,000 

50,000 

55,000 

60,000 

65,000 

68,000 

70, 000 

72,000 

75,000 

78,000 

80,000 

85,000 

90,000 

100,000 

124,400 

141, 300 


Inch. 

0. 

.0006 

0016 

.0032 

.0048 


Inch. 


Joint opened perceptibly. 

Joint open ".01. 
Joint open ".02. 
Joint open ".03. 
Joint open ".04. 

Scale starts off entire plate. 
Ultimate strength. 










.ooii 


.0070 
.0096 
.0126 
.0156 
.0190 
.0245 
.0282 
.0330 
.0362 
.0420 
.0480 
.0522 
.0640 
.0770 
.1100 







































Sheared three rivets and tore apart the lower plate across three rivet 
holes, the metal showing a silky fracture, and drawing down well. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 35, 590 

Tensile strain on net section of plate 63, 650 

Compressive strain on bearing surface of rivets : 80, 930 

Shearing strain on rivets 50,650 
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TESTS OF IKON AND STEEL AND OTHER MATERIALS. 



No. 56. — f" Steel Plate. Joint B • 



T 



T 
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A 
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W steel rivets. 

Drilled holes, ".77 diameter. 

Square inches. 

Gross sectional area of upper plate 3.96 

Net sectional area of upper plate 2.22 

Bearing surface of rivets 1.74 

Shearing area of rivets (".77 diameter) 2.79 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Poundt. 

5,000 

10,000 

20,100 

30,000 

35,000 

5, 0(R) 

40,000 

45, 000 

50,000 

55,000 

60,000 

65,000 

68,000 

70, 000 

72,000 

75, 000 

78,000 

80, 000 

85,000 

90,000 

95,000 

100, 000 

122, 000 

142, 000 


Inch. 

0. 

0. 

.0010 
.0018 
.0021 


Inch. 


Plates not straight. 

Joint opened perceptibly at 53,000 
pounds tension. 

Joint open ".01. 

Joint open ".02. 

Joint open ".03. 
Joint open ".04. 
Joint open ".05. 

Scale starts off plates. 
Ultimate strength. 










.0005 


.0039 
.0056 
.0085 
.0125 
.0168 
.0225 
.0278 
.0310 
.0348 
.0410 
.0480 
.0530 
.0680 
.0860 
.1110 
.1350 









































Sheared two rivets and tore plate across four rivet holes in upper 
plate. 
Silky fractures, the metal well drawn down. 

Maximum load* an joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 35,860 

Tensile strain on net section of upper plate 63,976 

Compressive strain on bearing surface of rivets 81,600 

Shearing strain on rivets 50. 900 
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95 



No. 238.— |" Steel Plate. Joint O . 



T 
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W steel rivets. 

^Punched holes: Punch, \%" diameter; die, $" diameter. 



Gross sectional area of upper plate 

Net sectional area of upper plate 

Bearing surface of rivets 

Shearing area of rivets (".82 diameter) 



Square 



inches. 

3.74 
2.16 
1.58 
2.64 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Bemarks. 


Pounds. 

5,000 

10,000 

20,000 

30,000 

35,000 

* 5,000 

40,000 

45,000 

50,000 

55, 000 

60,060 

65,000 

5,000 

70,000 

75,000 

80,000 ' 

85,000 

90,000 

95,000 

100,000 

105, 000 

110, 000 

141, 400 


Inch. 
0. 

.0010 
.0030 
.0055 
.0070 


Inch. 


Joint opened perceptibly. 

Joint open ".01. 

Joint open ".02. 
Joint open ".03. 

Joint open ".04. 
Joint open ".05. 

Ultimate strength. Sheared three 
rivets. Tore upper plate at end 
rivets. 










.0012 


.0090 
.0112 
.0135 
.0165 
.0200 
.0242 


• 










.0130 


.0308 
.0380 
.0540 
.0700 
.0830 
.0990 
.1150 
.1360 
.1630 























Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 37,810 

Tensile strain on net section of plate. 65,460 

Compressive strain on bearing section of rivets 89,490 

Shearing strain on rivets 53,560 
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TESTS OF IKON AND STEEL AND OTHER MATERIALS. 



No. 239.— |" Steel Plate. Joint C 



T 






1 
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£" steel rivets. 

Punched holes: Punch, |$" diameter; die, $" diameter. 

Square inches 

Gross sectional area of upper plate 3.76 

Net sectional area of upper plate 2.17 

Bearing surface of rivets 1.59 

Shearing area of rivets (".82 diameter) 2.64 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 

10,000 

20,000 

30,000 

35,000 

5.000 

40, 000 

45,000 

50,000 

5,000 

55,000 

60,000 

65, 000 

5,000 

70,000 

75,000 

80, 000 

85,000 

90,000 

100,000 

110, 000 

120, 000 

130, 000 

140, 000 

141,500 


Inch. 
0. 

.0006 
.0019 
.0045 
.0060 

.0079 
.0095 
.0112 


Inch. 


t 

Joint opened perceptibly. 

Joint open ".01. 

Joint open ".02. 

Joint open ".04. 
Micrometer removed. 

Ultimate strength . Sheared f onr 
rivets. Tore oat plate at end 
rivet, npper plate. 










.0018 




.0032 


.0140 
.0170 
.0212 






.0106 


.0295 
.0380 
.0520 
.0660 
.0790 
.1125 
.1500 
.2800 
.4700 
.6800 
.7800 

























At time of maximum load the joint had slipped at the calked end ".40. 

Elongation of holes in upper plate, punch side, ".15 ; die side, "29. 
Elongation of holes in lower plate, punch side, ".13 ; die side, ".07. 

Fractures were started about two holes in the upper plate where the 
rivets had sheared, showing the metal was near the point of tearing out. 



TESTS OF IRON AND STEEL AND OTHEE MATERIALS. 
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Maximum loads on joint 

Pounds per sq. inoh. 

Tensile straiii on gross section of plate 37, 630 

Tensile strain on net section of plate 65, 310 

Compressive strain on tearing surface of rivets 88, 990 

Shearing strain on rivets 53, 000 

No. 718.— §" Steel Plate. Set K . 

/' ' "s 

5 pi 




-< «»„■» >■ 



T 
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T 



s 
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£ 1" iron rivets, hand- driven. 
Punched holes: Punch, l^-" diameter; die, 1^" diameter. 

Square inches. 

dross sectional area of under plate 4.26 

Net sectional area of under plate 2.21 

Beafing^surface of rivets  2.04 

Shearing area of rivets 4.43 



Loads ap- 
plied. 


Elongation in 
10 fitches. 


Permanent 
set. 


Bemarks. 


Pounds. 

5,000 

10,000 

20,000 

30,000 

35,000 

5,000 

40,000 

45, 000 

50,000 

55,000 

60.000 

65,000 

70,000 

75,000 

80,000 

90, 000 

100, 000 

110,000 

120, 000 

130,000 

140, 000 

150.000 

162, 200 


Inch. 

0. 

.0008 
.0028 
.0050 , 
.0068 


Inch. 


Ultimate strength. 






 




.0020 


.0088 
.0118 
.0148 
.0180 
.0215 
.0252 
.0298 
.0340 
.0388 
.07 
.11 
.14 
.19 
.24 
..30 
.49 



































Sheared two rivets and tore out plate at three rivets under plate. 
Elongation of two rivet holes, ".26 each. 
Fracture of plate silky. 

S. Ex. 1 7 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



'Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross seotion of under plate 38,075' 

Tensile strain on net section of under plate 73,394 

Compressive strain on bearing surface of rivets ^ 79, 510 

Shearing strain on rivets 36,614 

No. 719.— §" Steel Plate. Set K . . 

Duplicate of K • 



T 
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1" iron rivets, hand-driven. 

Punched holes: Punch, 1-jV' diameter; die, 1-fc" diameter. 

Square inches. 

Gross sectional area of upper plate 4.22 

Net sectional area of upper plate 2.19 

Bearing surface of rivets 2.02 

Shearing area of rivets ...4.43 



Loads ap- 
plied. 

Pounds. 

5,000 
10,000 . 
20,000 
30,000 
35,000 

5,000 
40,000 
45,000 
55,000 
60,000 
65,000 
70,000 
75, 000 
80,000 
85,000 
90,000 


Elongation in 
10 inches. 


Permanent 
set. 


Bemarks. 


Inch. 

0. 

.0010 
.0030 
.0051 
.0065 


Inch. 


Ultimate strength. 










.0008 


.0080 
.0100 
.0150 
.0161 
.0200 
.0240 
.0290 
.0340 
.0388 
.048 




















95, 000  056 




300,000 
110,000 
120, 000 
130, 000 
140, 000 
150,000 
160, 000 
162,000 


.070 

.11 

.13 

.18 

.24 

.47 

.67 



















Tore out upper plate. 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



99 



Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 38, 390' 

Tensile strain on net section of upper plate 73, 970 

Compressive strain on bearing surface of rivets 80, 20O 

Shearing strain on rivets 36, 590 

SINGLE-RIVETED LAP JOINTS, WITH REINFORCE WELT, f" STEEL 

PLATE. 

No. 246. — §" Steel Plate. Joint J . 

1.J2 lOO 
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J" steel rivets. 

Drilled holes, ".94 diameter. 

Square inches. 

Gross sectional area of under plate 4.34 

Net sectional area of under plate through line of holes B 2. 30 

Net sectional area of under plate through line of holes C 3, 32 

Bearing surface of rivets (9) on under plate 3. 06 

Shearing area of 9 rivets (".94 diameter), single shear 6. 25 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 
5,000 
10, 000 
20, 000 
30, 000 
85, 000 
5,000 
40, 000 
50,000 
60,000 
5,000 
65, 000 
70, 000 
75,000 
80. 000 
85,000 
90,000 
95, 000 

100, 000 
F,000 

105, 000 

110, 000 


Inch. 
0. 

.0005 
.0018 
. 0030 
.0038 


Inch. 


Joint opened perceptibly. 










.0010 


.0045 
.0055 
.0092 






.0038 


.0112 
.0130 
.0148 
.0160 
.0180 
.0200 
.0218 
.0240 

.0270 
.0295 
















.0131 







100 TESTS OF IRON AND STEEL ^LND OTHEB MATERIALS. 



Loads ap- 


plied. 


Pound*. 


115,000 


120,000 


195,000 


130,000 


135, 000 


140,000 


145,000 


150,000 


156,000 


206,000 



Elongation in 
10 inches. 


Permanent 
set 


Remarks. 


Ineh. 
.0825 
.0366 
.0418 
.0480 
.0680 
.0820 
.13 
.16 
.21 


Inch. 


Joint open ".01. 




Micrometer removed. 

Ultimate strength. Fractured un- 
der plate at outside row of rivets. 















Fracture, silky seam in steel through one end section at E. After 
fracture, holes in welt elongated about ".02 each ; upper plate, outside 
row of 3 holes, elongated ".20; upper plate, inside row of 6 holes, 
elongated ".06. 

* Before fracture the plates drew down from 11".98 to about 11".68 in 
width ; the line of the joint bent concave and wavy. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of lower plate 47, 465 

Tensile strain on net section of under plate through line of holes B 89, 565 

Tensile strain on net section of under plate through line of holes C 62, 050 

Shearing strain on 9 rivets, single shear 32,960 

Compressive strain on bearing surface of rivets (9) in under plate 67, 320 

No. 247. — |" Steel Plate. Joint J • . 
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V* steel rivets. 

Drilled holes, ".94 diameter. 

f " steel welt. 

Square Inches. 

Gross sectional area of upper plate 4.41 

Net sectional area of upper plate through line of holes A 3. 37 

Net sectional area of upper plate through line of holes B 2.33 

Bearing surface of 9 rivets, upper plate 3.11 

Shearing area of 9 rivets (".94 diameter), single shear 6.25 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 101 



Loads ap- 
plied. 



Pounds. 

5,000 

10,000 

20,000 

30,000 

36,000 

5,000 

40,000 

50,000 

00,000 

5,000 

65,000 

70,000 

75, 000 

80,000 

85,000 

90,000 

95,000 

100,000 

5,000 

105,000 

110, 000 

115,000 

120,000 

126,000 

130, 000 

135,000 

140,000 

145,000 

150,000 

165, 000 

160,000 

165,000 

170,000 

175,000 

180,000 

185, 000 

190, 000 

195, 000 

200,000 

205, 000 

210, 000 

211, 900 



I. 



Elongation in. Permanent 
10 inches. set. 



Inch. 
0. 

.0005 
.0012 
.0022 
. 0029 

.6688 
.0058 
.0080 



.0098 
.0110 
.0128 
.0142 
.0158 
.0170 
.0188 
.0200 



.0222 

.0240 

.0262 

.0295 

.0330 

.0382 

.0460 

.0640 

.12 

.15 

.18 

.22 

.26 

.30 

.34 

.37 

.43 

.48 

.52 

.58 

.68 

.79 



Remarks. 



Inch. 



0010 



0038 



.0108 



Joint opened perceptibly. 



Micrometer removed. 



Ultimate strength. Fractured 
upper plate through outside row 
of rivets. 



Fracture began at end rivet hole. iThis outside section has seam 
through the steel, same in appearce as developed in the test of J . 
Fractures otherwise silky. 



Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 48, 050 

Tensile strain on net section of upper plate across lines of holes A 62, 880 

Tensile strain on net section of upper plate across lines of holes B 90, 940 

Compressive strain on bearing surface of 9 rivets, upper plate 68, 135 

Shearing strain on 9 rivets, single shearO 33, 90 
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Photograph of joint No. 247. Apposraiioe after the fracture. 

No. $98. — |" Steel Plates. Joint J J . 
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V* iron rivets, "Burden's best." 
Drilled holes, ".93 diameter. 
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Square inohes. 

Gross sectional area of under plate 4. 47 

Net sectional area of under plate aoross row of three rivet holes 3. 43 

Bearing surface of rivets 3. 11 

Shearing area of rivets (9 rivets, single shear) 6. 11 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Poundt. 

5,000 

10,000 

20,000 

80,000 

40,000 

50,000 

5,000 

60,000 

70,000 

80.000 

90,000 

100,000 

110,000 

120, 000 

130,000 

140, 000 

150,000 

209, 300 


Inch. 

.0 

.0005 

.0015 

.0028 

.0046 

.0075 

.0108 

.0150 

.0198 

.0248 

.0320 

.0400 

.0560 

.09 

.11 

.17 


Inch. 


• 

Ultimate strength. Sheared eight 
rivets and tore oat one hole in 
I" welt. 












.0018 

























Inch. 

Average elongation of rivet holes in upper plate, outside row (3 holes) 32 each. 

Upper plate, inside row (6 holes) 24 each. 

Lower plate, inside row (6 holes) 26 each. 

i" welt, inside row (6 holes) about .02 each. 

i" welt, outside row (3 holes) 31 each. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 46, 820 

Tensile strain on net section of under plate across line of three rivet holes 61, 020 

Compressive strain on bearing surface of rivets 67, 300 

Shearing strain on rivets (single shear) 34, 250 

No. 299. — |" Steel Plate. Joint J J . . 
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J" iron rivets, " Burden's best." 
Drilled holes, ".93 diameter. 




ai2> 



% steel welt * 
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Square inches. 

Qross sectional area of under plate 4.46 

Net sectional area of under plate across row of three rivet holes 3. 44 

Bearing surface of rivets 3. 12 

Shearing area of rivets (single shear) 6. 11 



Loads ap- 
plied,. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 
10,000 
20,000 
30,000 
40,000 
50,000 

5,000 
60,000 
70,000 
80,000 


Inch. 
.0 


Inch. 


Ultimate strength. Sheared eight 
rivets; tore out \" welt at mid- 
dle rivet, ontside row. 


.0005 
.0010 
.0022 
.0042 
.0072 












.0022 


. oiio 

.0148 


.0190 




90, 000 i . 0230 
100, 000 1 . 029 
110, 000 . 06 








120, 000 
130,000 
K0, 000 
150,000 
212, 300 


• -07 
.08 
.11 
.19 















Maximum load$ on joint. 

Pounds per sq. inch. 

.Tensile strain on gross section of under plate 47, 390 

Tensile strain on net section of under plate across row of three rivet holes 61, 710 

Compressive strain on bearing surface of rivets 68, 040 

Shearing strain on rivets (single shear) 34, 750 

DOUBLE-RIVETED LAP-JOINTS, f" STEEL PLATE. 

No. 57.— f " Steel Plate. Joint F . 
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W iron rivets, "Burden's best." 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 

Square inohes. 

Gross sectional area of plate 3.76 

Net sectional area of plate 2.32 

Bearing surface of rivets 2. 89 

Shearing area of rivets (".76 diameter) 4. 54 
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Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 

10,000 

20,000 

30,000 

35,000 

5,000 

40,000 

45,000 

50,000 

65,000 

60,000 

65,000 

70,000 

75, 000 

80,000 

85,000 

90,000 

95,000 

100,000 

105,000 

110,000 

146, 700 


Inch. 

0. 

.0010 
.0030 
.0060 
.0068 


Inch. 


Joint opened perceptibly. 

Joint open ".01. 

Joint open ".02. 

Joint open ".03. 

Joint open ".06. Scale started 

off plates. 
Ultimate strength. 










.0020 


.0080 
.0100 
.0121 
.0142 
.0170 
.0200 
.0240 
.0285 
. 0330 
.0389 
.0440 
.0508 
.0580 
.0678 
.0830 






















.............. 







Fractured upper plate along line of rivet holes; silky fractures; metal 
drew down well, and fractured in each section at ttte same time. 

"Maximum loads on joint, 

. Pounds per sq. inch. 

Tensile strain on gross section of plate 39,020 

Tensile strain on net sectiom of plate 62, 800 

Compressive strain on bearing surface of rivets 50> 760 

Shearing strain on rivets • 32, 310 

No. 59. — §" Steel Plate. Joint F • . 
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W iron rivets, "Burden's best." 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 

Square inches. 

Gross sectional area of upper plate 3.73 

Net sectional area of upper plate 2. 31 

Bearing surface of rivets , 2.85 

Shearing area of rivets (".76 diameter) 4.64 
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plied^ 1 '' 


Elongation in 

10 {doom. 


r "K- 


_*. 


s.ooo' 

10.000 

Wooo 

00,000 
OS. 000 

o.ooo 

75.000 
feAHH) 

to.ooo 

05,050 

iorooo 

110,000 


Intk. 
0. 

.oow 
.oon 

.0140 
.0118 


/no*. 


Joint opened peroeptibl j- 
Joint open ".01. 
Joint open ".03. 
Ultimate atrength. 














.OOOt 








.00*0 


.0188 

ioiw 

.0310 
.0310 

'-■■ 
.tMO 














.'6*80'** 









Fractured upper plate. Silky fractures. 

• Maximum loadt on joint. 

Ponnds per eq. Inch. 

Tensile strain on gross section of upper plate. 40,060 

Tensile strain on net section of upper plale 64,780 

Compressive strain on bearing surface of rivets 52, 450 

Shearing strain on rivets 32,930 



Photograph ihowlng eccentricity of rivet heads, Joint No. W. 

No. 60. — |" Steel Plate. Joint G . 
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W iron rivets, " Burden's best," 

Punched lioles: Pun«h, ".763 diameter ; die, ".774 diameter. 
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Square inches. 

Gross sectional area of plate 3. 63 

Net sectional area of plate 2. 24 

Bearing surface of rivets 2. 49 

Shearing area of rivets (".76 diameter) 4. 08 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pound*. 

5,000 
10,000 
20,000 
30,000 
40,000 
50,000 

5,000 
60,000 
65,000 
70,000 

5,000 
75,000 
80,000 
85,000 
90,000 


Inch. 
0. 

.0008 
.0020 
.0040 
.0068 
.0108 


Inch. 











• 

Joint open perceptibly. 
Joint open ".01. 

Joint open ".02. 

Joint open ".03. 

Joint open ".05. • 

Ultimate strength. 




• 


.0029 


.0160 
.0190 
.0231 






.0106 


.0280 
.0339 
.0398 
.0460 








5,000 ' 

95, 000 1 . 0540 
100, 000 ' . 0668 
105, 000 J . 0778 
110, 000 . 0920 


.0300 






115, 000 - 1098 




141, 600 




. 




i 



Fractured upper plate along line of rivet holes; silky fractures; 
metal hard about holes, with small granular spots near punched holes. 

Maximum loads on joint. 

Pounds per sq. inoh. 

Tensile strain on gross section of plate 39, 010 

Tensile strain on net section of plate 63, 210 

Compressive strain on bearing surface of rivets 56, 860 

Shearing strain on rivets 34, 710 

No. 61.— f" Steel Plate. Joint G . . 
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\b" i*on rivets, "Burden's best." 

Punched holes: Punch, ".753 diameter; die, ".774 diameter. 
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Square inches. 

Gross sectional area of upper plate 3.29 

Net sectional area of upper plate 2. 99 

Bearing surface of rivets 2. 54 

Shearing area of rivets (''.76 diameter) 4. 0$ 



Load* ap- 
plied. 



Pounds. 

5,000 
10,000 
20,000 
30,000 
40,000 
50,000 

6,000 
80,000 
65,000 
70,000, 

5,000 
75,000 
80,000 
85,000 
90,000 

5,000 

95,000 

100,000 

105, 000 

*110, 000 



125,800 



Elongation Id 
10 inches. 



Inch. 
.0 

.0005 
.0013 
.0028 
.0046 
.0079 



.0122 
.0150 
.0180 



.0238 
.0288 
.0340 
.0405 



.0480 
.0605 
.0720 



Permanent 
set. 



Inch. 



.0021 



.0085 



0271 



Remarks. 




Joint opened perceptibly. 
Joint open ".01.. 
Joint open ".02. 
Joint open ".03. 
Joint open ".01+. 
Joint open ".04. 
Joint open ".05. 

Approximately the elastic limit 
of the plate = 29,730 pounds per 
square inch. 

Ultimate strength. Fractured 
plate. 



Sharp bat not load report heard at 100,000 pounds and again heard 
just before fracture of the plate. 

Fractured plate across row of four rivet holes ; the metal first sepa- 
rated at the middle sections, which displayed in part fine granular 
fractures and in part silky appearance. 



Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 34, 000 

Tensile strain on net section of upper plate 54, 930 

Compressive strain ou bearing surface of rivets 49, 530 

Shearing strain on rivet 30,830 




Photograph of fractured plate, showing granular metal, next two rivet holes, radiating 

from rivet holes. 
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No. 83. — f" Steel Plate. Joint I • 
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W steel rivets. 

Drilled holes, ".75 diameter. 

Square Inches. 

Gross sectional area of upper plate 4. 75 

Net sectional area of upper plate 3. 65 

Bearing surface of rivets 1. 93 

.Shearing area of rivets (".75 diameter) 3.09 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 

10,000 

20,000 

30,000 

40,000 

50,000 

60,000 

65,000 

5,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100, 000 

105,000 

110, 000 

115, 000 

120, 000 

125, 000 

130,000 

163,000 


Inch. 

0. 

0. 

.0011 
.0029 
.0055 
.0090 
.0145 
.0170 


Inch. 


Joint started perceptibly. 

Joint open ".01. ' 

Joint open ".03. 
Joint open ".05. 

Ultimate strength. Sheared rivets. 
















.0079 


.0200 

.0230 

.0260 • 

.0309 

.0340 

.0408 

. 0528 

.0620 

.0708 

.0815 

.0945 

.1085 

.1220 


















* 















Average elongation of holes, ".13 each. 

Maximum loads on joint. 

Pounds per sq. inoh. 

Tensile strain on gross section of plate 34,316 

Tensile strain on net section of plate 44, 660 

Compressive strain on bearing surface of rivets 84, 460 

Shearing strain on rivets 52, 750 
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,_. ahoarod, (bowing 

"Cooper llnea." 

No. 84—|" Steel Plate. Joint I . . 

Same style of joiut as No. 83. 
Upper plafe, J2".96x".3<>S. 
Under plate, 12".!>6 x ".370. 
fj" steel rivets. 
Drilled holes, ".75. 

Gross nectional art* of upper plat* 4.77 

Net sectional mrimf up|n-r plute 3.67 

Bearing surf a «■ of rlvel* 1.98 

8heaTitigarea.il rivets (".7H rliame-tsr) 3.09 
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0090 
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Joint opened perceptibly. 
J nidi open ".01. 

Joint open ".«. 
Joint open ".OS. 
Jnlntopen ".04. 

irUltnateatnDgth- Sheared rivota- 
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Average elongation of rivet boles, ".13 eacb. 
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Maximum loads on joint 

Pounds per sq. inch. 

Tensile strength on gross section ofnlate 33, 585 

Tensile strength on net section of plate 43,650 

Compressive strain on bearing surface of .rivets 83, 000 

Shearing strain on rivets 83, 000 

SINGLE AND DOUBLE RIVETED LAP JOINTS, *" STEEL PLATE. 

No. 242.— £" Steel Plate. Joint A . 
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§" iron rivets, il Burden's best." 

Punched holes: Punch, -}$" diameter; die, If" diameter. 

Square inches. 

Gross sectional area of nnder plate 4.97 

Net sectional area of under plate 2.84 

Bearing surface of rivets 2.13 

Shearing area of rivets (".8*2 diameter) 2.64 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Poundi. 

6,000 
10,000 
20,000 
30,000 
35,000 

5,000 
10,000 
20, 000 
80, 000 
85,000 

5,000 
40, 000 
45,000 
50,000 

5,000 
10, 000 
20,000 
80,000 
40, 000 
50, 000 
55,000 
60, 000 
65. 000 
70,000 
75,000 
80,000 
85,000 
90,000 
100, 000 
108,500 


Inch. 

0. 

.0009 
.0020 
.0042 
.0068 

.0030 
.0045 
.0060 
.0068 


Inch. 


 

Joint opened perceptibly. 

Joint open ".01. 

Joint open ".02|. 

Micrometer removed. 

Ultimate strength. Sheared rivets. 






.0025 








.0025 


.0095 
. 0125 
.0160 






.0080 


.0088 
.0102 
.0120 
.0141 
.0168 
.0190 
.0225 
.0280 
.0360 
.0462 
.0590 
.0760 
.097 



































£ 
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Failure took place immediately after the first warning that the rivets 
were yielding. 
Elongation of rivet holes from ".04 to ".06. 

* 

Maximum loads on joint 

Founds per aq. inch. 

Tensile strain on gross section of plate * 21,830 

Tensile strain on net section of plate 38,204 

Compressive strain on bearing surface of rivets 50,940 

Shearing strain on rivets 41,100 

No. 243. — J" Steel Plate. Joint A . . 

Same style of joint as No. 242. 

Under plate, 10".04 x ".500. 

Under plate, 10".04 x ".495. 

¥' iron rivets, "Burden's best." 

Punched holes: Punch, \$" diameter; ff" diameter of die. 

Square inch*. 

Gross sectional area of under plate 4.97 

Net sectional area of under plate 2.84 

Bearing surface of rivets 2.13 

Shearing area of rivets (".82 diameter) 2.64 



Loads ap- 
plied. 


Elongation in 
10 Inches. 


Permanent 
set. 


ftemartrs. 


Poundi, 

5,000 

10,000 

20,000 

30,000 

85,000 

5,000 

40,000 

45,000 

50,000 

5,000 

55,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

102,000 


Inch, 

0. 

.0008 
.0020 
.0085 
.0050 


Inch. 


Joint opened perceptibly. 
Joint open ".01. 
Miorometer removed. 

Ultimate strength. Sheared riv- 
eta. 








.0012 


.0080 
.0118 
.0150 






.0068 


.0180 

.0220 

.0800 

.0895 

.0500 

.0680 

.0790 

.11 

.13 

.16 




















• 



Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plate 20,523 

Tensile strain on net section of plate - . 35, 915 

Compressive strain on bearing surface of rivets 47,890 

Shearing strain on rivets 38,636 
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No. 294. — £" Steel Plate. J*int A A . 
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-H" iron rivets, "Burden's best. 7 ' 

Punched holes: Punch, 1" diameter; die, 1^" diameter. 

Square inches. 

Gross sectional area of upper plate 4.93 

Net sectional area of upper plate , 2. 40 

Bearing surface of rivets 2. 536 

Shearing area of rivets (1" diameter) 3.93 



Loads ap- 
plied. 



Pounds. 

5,000 

10,000 

20, 000 

30,000 

36,000 

5,000 

40,060 

46,000 

60,000 

56,000 

60,000 

65,000 

7*,000 

75,000 

80,000 

85,000 

90,000 

100,000 

110, 000 

120, 000 

144, 500 



Elongation in Permanent | 
10 inches. set. i 



Remarks. 



Inch. 

0. 

.0006 
.0010 
.0035 
.0042 



Inch. 



.0058 

.0071 

.0091 

.0115 

.0142 

.0170 

.0210 

.0278 

.0368 

.0445 

.0550 

.10 

.14 

.17 



.0010 



Joint started perceptibly. 
Joint open ".01. 



Joint open ".02. 



Ultimate strength. 



Tore plate across four rivet holes, shearing one end rivtet. 

The plate failed at the commencement of fracture by parting the 
middle sections, which showed a granular appearance. Metal not 
drawn down. Two sections between rivets have silky appearance, with 
seam through middle. Metal drawn down. 

* Maximum load$ on joint. 

Pounds per sq. inch 

Tensile strain on gross section of upper plate 29, 310 

Tensile strain on net section of upper plate 60 } 210 

Compressive strain on bearing surface of rivets 56, 980 

Shearing strain on rivets 63, 770 

S. Ex. 1 8 



114 TE8TS OF IRON AND STEEL AND OTHER MATERIALS. 




Fractured end of upper plate, Joint No. 294, showing granular and silky appearance in same metal. 

No. 295. — i" Steel Plate. Joint A. A . . 
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\%" iron rivets, "Burden's best." 

Punched holes: Punch, 1" diameter; die, 1-jV' diameter. 

Square inches. 

Gross sectional area of plate 4.97 

Net sectional area of plate .. 2.42 

Bearing surface of rivets fc 2. 55 

Shearing area of rivets (1" diameter) ; 3.93 



1 

Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 

5,000 

10,000 

20,000 

30,000 

35, 000 

5,0C° 

40, 000 

45,000 

50,000 

55,000 

60,000 

65,000 

70,000 

75,000 

80.000 

85,000 

90,000 

100, 000 

110, 000 

120, 000 


Inch. 
0. 

.0005 
.0018 
.0038 
.0050 


Inch. 


Joint opened perceptibly. 

Joint open ".01. 

Sharp snapping sound heard. 
Sharp snapping sound repeated 

at 104,500 pounds. 
Ultimate strength. 








.0010 


.0068 

.0088 

.0110 

.0130 

.«65 

. 0210 

.0248 

.0300 

.0360 

.0480 

.0625 

.10 

.14 

































Broke suddenly across rivet holes; appearance of fracture granular; 
no contraction. 
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Maximum loads an joint 

Pounds per sq. Inch. 

Tension strain on gross section of plate 24,145 

Tension strain on net section of plate 49,590 

Compression strain on bearing surface of rivets 47,060 

Shearing strain on rivets 30,540 











Photograph of fractured sections, upper plate, Joint No. 295. Granular fractures produced in the lap 
oint. 
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Specimens cut out of fractured plate A A • • No. 295. Tested by direot tension. 

Sheet cut in two at middle. 

One-half prepared with milled grooves. 

One-half prepared with punched grooves. 

Xo. 316. — Milled Specimen. 




Sectional area, ".982 x ".495 = .486 square inch. 

Ultimate strength, 32,850 pounds = 67,600 pounds per square inch. 

Area at fr&cture, ".88x".33 = .290 square inch. 

Contraction of area, 40.3 per cent. 

Silky fracture ; spongy line through center. 

No. 317. — Punched Specimen. 



■W'w^ jI',VT* ''*■*'' 




Sectional area, ".98 x ".501 = .49 square inch. 

Ultimate strength, 32,790 pounds = 66,920 pounds per square inch. 
Area at fracture, ".92x".36 = .33 square inch. 
Contraction of area, 32.7 per cent. 

Appearance of fracture, silky, with slight granular appearance at 
center. 
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No. 619. — J" Steel Plate. Plates 



T 



g 
*? 









• 
i 




T 






*c5 



'X? 



■*/ * 



^jr 




|$" iron rivets, "Burden's best." 

Punched holes: Punch, 1" diameter; die, 1^" diameter. 

• Square inches. 

Gross section al area of upper plate 5. 03 

Net sectional area of upper plate 2.39 

Bearing surface of rivets 5.26 

Shearing area of rivets 7.85 



Loads ap- 
plied. 



Pounds. 

5,000 

10,000 

20,000 

30,000 

85,000 

5,000 

40,000 

45,000 

50,000 

5,000 

55,000 

60,000 

65,000 

70,000 

5,000 

75,000 

80,000 

85,000 

90,000 

95, 000 

100, 000 

105,000 

110, 000 

115,000 

120, 000 

125, COO 

130, 000 

154, 400 



Elongation in 
10 inohee. 



Inch. 

0. 

.0005 
.0020 
.0040 
.0052 



.0068 
.0080 
.0098 



.0120 
.0140 
.0166 
.0190 



.035 
.035 
.04 
.05 
.05 
.06 
.06 
.07 
.07 
.07 
.08 
.085 



Permanent 
aet. 



Remarks. 



Inch. 



0019 



0045 



0110 



Micrometer removed. 
Elongations measured with divid- 
ers. 



Ultimate strength. 



Fractured upper plate across line of rivet holes. 

Five of the fractured sections broke suddenly, with granular appear- 
ance and without contraction of area. 

The sixth end section had silky appearance, the metal drawing down 
before breaking. 
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Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 30,757 

Tensile strain on net section of upper plate 64,603 

Compressive strain on bearing surface of rivets 29,354 

Shearing strain on rivets 19,670 

No. 620.— J" Steel Plate. Plates . . 

(Duplicate of •) 

Same style of joint as No. 619. 

Upper plate, 10" x ".501. 

Under plate, 10" x ".502. 

f|" iron rivets, "Burden's best." 

Punched holes: Punch, 1" diameter; die, 1^-" diameter. 

Square inches. 

Gross sectional area of upper plate 5.01 

Net sectional area of upper plate 2.39 

Bearing surface of rivets I 5.25 

Shearing area of rivets 7.85 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


Remarks. 


Pounds. 
5,000 


Inch. 
ft. 


Inch. 


Micrometer removed. 
Ultimate strength. 


10, 000 . 0005 
20, 000 . 0018 
30, 000 i . 0035 
35, 000 I . 0048 

5,000 

40, Q00 > . 0060 

1 45,000 1 .0070 

50,000 1 .0080 










.0012 

• 






5,000 
1 55. 000 




.0030 


.0108 


60, 000 . 0125 

i 65,000 ; .0148 

70,000 -01A2 








5,000 




.0090 


75.000 


.0198 


80, 000 . 0230 
85, 000 . 0268 
90, 000 . 0305 
95, 000 i . 0348 
100. 000 0390 












5,000 




.0268 


105. 000 




.07— 


110,000 ! .07— 
115, 000 . 07— 
120,000 .07+ 
130, 000 ' .08 
140, 000 ' . 10 
150.000 14 














154, 200 











Fractured upper plate across line of rivet holes. 

Broke suddenly, fractures granular. No contraction of area. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 1--- 30, 778 

Tensile strain on net section of upper plate 64,519 

Compressive strain on bearing surface of rivets 29,371 

Shearing strain on rivets 19,644 
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SINGLE AND DOUBLE RIVETED LAP JOINTS, f STEEL PLATE. 

No. 734.— §" Steel Plate. Set A . 
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1" steel rivets, hand-driven. 

Punched holes: Punch, 1^" diameter; die, 1^ 2 " diameter. 

Square inches. 

Gross sectional area of plate 5. 83 

Net sectional area of plate 3. 11 

Bearing surface of rivets 2.72 

Shearing area of rivets 3.55 



Loads ap- 
plied. 



Pound*. 

5,000 

10,000 

20,000 

30,000 

40; 000 

50,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

100,000 

110, 000 

120,000 

130, 000 

140, 000 

154,400 



Elongation in 
10 inches. 



Inch. 
0. 

.0008 
.0018 
.0035 
.0068 
.0108 
.0160 
.0188 
.0225 
.0280 
.0348 
.0455 
.0600 
.09 
.14 
.17 
.22 



Permanent 
set. 



Inch. 



Remarks. 



Slight snapping sound at 132, 000 

d wands, 
timate strength. 



Sheared rivets. 

Average elongation of rivet holes, ".15. 

Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of plate 26, 480 

Tensile strain on net section of plate 49,650 

Compressive strain on bearing surface of rivets 56, 760 

Shearing strain on rivets 43,490 
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No. 735. — g" Steel Plate. Set A . . 

Duplicate of A . No. 734. 

Upper plate, 9".50 x ".617. 

Under plate, 9".50x".613. 

1" steel rivets, hand-driven. 

Punched holes: Punch, 1^" diameter; die, 1^" diameter. 

Square inches. 

Gross sectional area of under plate 5. 82 

Net sectional area of under plate 3. 10 

Bearing surface of rivets *. 2. 72 

Shearing area of rivets 3. 55 



Loads ap- 
; plied. 

• 


Elongation in 
10 Inches. 


Permanent 
set. 


Remarks. 


Pounds. 
5,000 
10,000 
20,000 


Inch. 
0. 
.0008 
ooi a 


Inch. 


 






30, 000 . 0031 
35, 000 . 0040 
40, 000 ! . 0050 








45, 000 ' . 0066 




1 50,000 1 .0082 




: 55,000 i .0105 




60, 000 . 0128 




l 65,000 i .0152 




i 70, 000 . 0185 






j 75,000 1 .0220 






80, 000 . 0280 

85, 000 . 0370 

i 90,000 .0570 




Ultimate Strength. 




1 100,000 .09 




110,000 i .13 
1 140,000 -28 






163,600 











Sheared rivets. 

Average elongation of rivet holes, 'Ml. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of under plate 28, 110 

Tensile strain on net section of under plate 5*2, 770 

Compressive strain on bearing surface of rivets 60, 150 

Shearing strain on rivets 46, 080 

No. 736.— f " Steel Plate. Set C . 

* 
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1" steel rivets, hand-driven. 

Punched holes: Punch, I-jV diameter; die, l^j" diameter. 
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Square inches. 

Gross sectional area of upper plate 5.81 

Net sectional area of upper plate 3.10 

Bearing surface of rivets 5.43 

Shearing area of rivets 7.09 



Loads ap- 
plied. 



Elongation in 
10 inohes. 



Pounds. 

5,000 

10,000 

20,000 

30,000 

40,000 

50,000 

60,000 

65,000 

70,000 

75,000 

80, 000 

85,000 

90,000 

95,000 

100,000 

105,000 

110, 000 

115, 000 

120,000 

140,000 

160,000 

190,000 

216,000 



Inch. 

0. 

.0006 
.0018 
.0030 
.0058 
.0080 
.0120 
.0148 
.0175 
.0208 
.0240 
.0275 
.0309 
.0338 
.0370 
.0405 
.0440 
.0488 
.0540 
.08 
.14 
.29 



Permanent 
set 



Inch. 



Remarks. 



Ultimate strength. 



Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 37, 180 

Tensile strain on net section of upper plate 69,680 

Compressive strain on bearing surface of rivets 39,780 

Shearing strain on rivets 30, 470 

No. 737.— §" Steel Plate. Set . . 

Duplicate of . No. 736. 

Upper plate, 9".50 x ".612. 

Under plate, 9".50x".616. 

1" steel rivets, hand-driven. 

Punched holes: Punch, l-fe" diameter; die, 1^" diameter. 

• Square inches. 

Gross sectional area of upper plate 5.81 

Net sectional area of upper plate 3. 10 

Bearing surface of rivets 5.43 

Shearing area of rivets 7.09 



Loads ap- 
plied. 


Elongation in 

, 10 inohes. 

1 


Permanent 
set. 


Remarks. 


Pounds. 
1 5, 000 


1 Inch. 
0. 
.0008 

I . 0021 
.0040 
.0068 
. 0102 

! . 0150 
.0220 

1 .0280 
. 0340 
. 0420 

; .0480 

! .07 

, -I* 


Inch. 


i 10, 000 




j 


i 20, 000 






30,000 


* 


i 


i 40. 000 




i 


1 50, 000 






i 60, 000 




• 


70,000 




Snapping sound heard. 
Ultimate strength. 


80, 000 




90,000 




1 100, 000 




110, 000 




1 130, 000 




160, 000 




175, 000 
208,000 


.:.::.:::::::: 


i 




|. ............. 
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Fractured upper plate across line of rivet holes. 

Fracture granular, radiating from rivet holes 5 metal not drawn down. 

Maximum loads 011. joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 35,800 

Tensile strain on net section of upper plate 67, 100 

Compressive strain on bearing surface of rivets 38,300 

Shearing strain on rivets ^ 29, 340 

SINGLE AND DOUBLE RIVETED LAP JOINTS, f" STEEL PLATE. 

No. 726.— £" Steel Plate. Set A . 
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1£" steel rivets, hand-driven. 

Punched holes: Punch, 1^" diameter; die, l- 8 fi 3 - diameter. 

Square inches. 

Gross sectional area of upper plate 7. 39 

Net sectional area of upper plate 3.75 

Bearing surface of rivets ^ 3.64 

Shearing area of rivets 4.43 



Loads ap- 
plied. 


Elongation in. 
10 inches. 

Inch. 
0. 

.0002 

.0009 

.0020 

.0038 

.0090 

.0120 


Permanent 
set. 


Remarks. 


Pounds. 
1 5,000 


Inch. 


Sharp snapping sound heard. 
Ultimate strength. 


1 10, 000 




! 20,000 




30, 000 
40, 000 




i 50, 000 




> 55, 000 




60, 000 


.0150 
.0185 
.0220 
.0255 
05 




! 65, 000 





70, 000 





75, 000 




1 90. 000 





100,000 | .06 
110,000 1 .09 
120, 000 - U 









, 130, 000 
140, 000 


.16 





.21 




149, 900 









Fractured upper plate. Appearance of fractures granular, radiating 
from rivet holes without contraction of area except end section A 9 
which is silky, and metal well drawn down. 

Broke suddenly with loud report. 

Lower plate bent to an angle of about 11°. 
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Maximum loads on joint 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 20, 280 

Tensile strain on net section of upper plate 39,970 

Compressive strain on bearing surface of rivets 41, 180 

Shearing strain on rivets 33, 840 

No. 727.— %" Steel Plate. Set A . # 
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1J" steel rivets, hand-driven. 

Punched holes: Punch, l-fo" diameter 5 die, 1- 3 V' diameter. 

Square mokes. 

Gross sectional area of upper plate 7.38 

Net sectional area of upper plate 3. 73 

Bearing surface of rivets 3. 64 

Shearing area of rivets 4.43 



Loads ap- 
plied. 



Pounds. 

5,000 

10,000 

20,000 

30,000 

35, 000 

40,000 

45,000 

50,000 

55,000 

60,000 

65,000 

70, 000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

110,000 

120, 000 

130, 000 

140, 000 

176, 700 



Elongation in 
10 inches. 



Inch. 

0. 

.0001 
.0010 
.0022 
.0030 
.0040 
.0052 
.0072 
.0100 
.0128 
.0160 
.0190 
.0225 
.0260 
.0310 
.0360 
.0415 
.0500 
.09 
.11 
.15 
.20 



Permanent 
set. 



Inch. 



Remarks. 



Ultimate strength. 



Fractured upper plate. Broke suddenly with loud report, 
granular. 

"So contraction of area. 



Metal 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 123 

Maximum loads on joint. 

Founds per sq. inch. 

Tensile strain on gross section of upper plate 23,940 

Tensile strain on net section of upper plate 47, 370 

Compressive strain on bearing surface of rivets 48, 540 

Shearing strain on rivets 39, 890 

No. 728.— f " Steel Plate. Set C • 
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1£" steel rivets, hand-driven. 

Punched holes : Punch, 1-jV' diameter ; die, 1^ diameter. 

Square inches. 

Gross sectional area of upperplate 7.33 

Net sectional area of upper plate 3.70 

Bearing surface of rivets 7.25 

Shearing area of rivets 8. 86 



Loads ap- 
plied. 



Pounds. 

5,000 

10,000 

20, 000 

30,000 

40,000 

50,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95.000 

100,000 

120, 000 

140, 000 

160,000 

181, 200 



Elongation in 
10 inches. 



Permanent 
set. 



Inch. 
0. 

.0002 
.0011 
.0025 
.0040 
.0062 
.0092 
.0116 
.0135 
.0160 
.0182 
.0208 
.0240 
.0268 
.0300 
.04 
.06 
.08 



Remarks. 



Inch. 



Joint open ".01. 



Snapping sound. 
Ultimate strength. 



Fractured upper plate, granular fractures radiating from rivet holes j 
hard appearance of metal next punched holes ; metal not drawn down ; 
exception, one end section has silky appearance, with metal well drawn 
down. Broke suddenly with loud report. 

Lower plate bent about 5°. 
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Maximum loads on joint. 

Founds per sq. inch. 

Tensile strain on gross section of upper plate 24,720 

Tensile strain on net section of upper plate 48,970 

Compressive strain on bearing surface of rivets 24,990 

Shearing strain on rivets 20,450 

No. 729.— £" Steel Plate. Set C . . 

Same style of joint as No. 728. 

Upper plate, 10" x ".739. 

Under plate, 10" x ".735. 

1J" steel rivets, hand-driven. 

Punched holes : Punch, 1^" diameter ; die, 1-fg" diameter. 

Square inches. 

Gross sectional area of upper plate 7. 39 

Net sectional area of upper plate 3. 74 

Bearing surface of rivets 7.30 

Shearing area of rivets 8.86 



Loads ap- 
plied. 



Pounds. 

5,000 

10,0*0 

20,000 

30,000 

40,000 

50,000 

55,000 

60,000 

65,000 

70,000 

75,000 

80,000 

85,000 

90,000 

95,000 

100,000 

120,000 

140,000 

160,000 

177, 700 



Elongation in 
10 inches. 



Inch. 
0. 

.0005 
.0018 
.0031 
.0050 
.0080 
.0102 
.0128 
.0150 
.0168 
.0188 
.0208 
.0230 
.0250 
.0280 
.0302 
.04 
.07 
.09 



Permanent 
set. 



Inch. 



Remarks. 



Ultimate strength. 



Fractured upper plate across row of rivet holes. 

Fractures granular, radiating from rivet holes ; four sections broke 
simultaneously; one end section broke last, at 170,000 pounds load; 
sharp snapping sound heard, the load falling slightly at the same time. 



Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of upper plate 24, 050 

Tensile strain on net section of upper plate 47, 510 

Compressive strain on bearing surface of rivets 24, 340 

Shearing strain on rivets 20, 060 
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Tensile tests of J" iron and steel grooved specimens. 

To determine the effect upon the tensile strength of the metal, of 
grooves, punched and drilled, varying in diameter, also varying the 
width of the specimens at the bottom of the grooves. 

FORM OF SPECIMENS. 



u 

n 



Each specimen reinforced by the sUine width of metal, Jl=1".10, from 
the bottom of the groove to the side of the plate. 

Diameters of drilled grooves : £", \" , $", 1". 

Diameters of punched grooves: Punch ft", die |"; punch f", die 
die ±£" ; punch 1", die 1-&". 

Tensile tests of £" grooved specimen wrought iron. 
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92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 



Plato. 
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Inch. 

Punched... ft 

....do . ft 

. . . do i 

. . . do % 

do • 1 

do 1 

do ft 

 -•-do ft 

do H 

...do i 

do 1 

— do 1 

 --■do ft 

•--do ft 

....do , i 

do , | 

— do 1 

....do , 1 

'--•do ft 

— do ft 

...do $ 

..do i i 

....do I 1 

...do ! 1 

.-■do ft 

-do ft 

— do £ 

— do | 

— do .... 1 

....do 1 

.--•do • ft 

■--•do ft 

do  £ 

... do J 

... do 1 

do : 1 



3 a 



Inch. 

.48 

.46 

.46 

.49 

.44 

.47 

.97 

.98 

.94 

.96 

.98 

.96 

1.47 

1.50 

1.48 

1.48 

1.47 

1.45 

1.96 

1.95 

1.95 

1.92 

2.03 

1.99 

2.42 

2.40 

2.47 

2.46 

2.48 

2.44 

2.97 

2.98 

2.96 

2.92 

2.98 

2.95 






Inch. 
.240 
.235 
.241 
.240 
.239 
.241 
.247 
.247 
. 249 
.248 
.250 
.251 
.250 
.252 
.249 
.247 
.250 
.251 
.281 
.274 
.282 
.279 
.250 
.248 
.280 
.245 
.243 
.285 
.245 
.248 
.247 
.241 
.241 
.240 
.250 
.247 



03 

i> 

cJ 

i— i 

9 
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o 
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02 



Sq. in.\ 
. 115 
.108 ' 
.111 
.118 
.105 ' 
.113 
.240 
. 242 
.234 
.238 
.245 
.241 ' 
.368 
.378 
.369 • 
.366 
.368 , 
.364 
.551 . 
.534 j 
.550 | 
.536 | 
.508 I 
.494 l 
.678 
.588 | 
.600 i 

.601 ; 

.608 
.605 j 
.734 ' 
.718 , 
.713 

.701 ; 

.745 
.729 



Ultimate strength. 

Actual Po ™ l » 
pounds. ^ e u l chp 



Remarks. 



5, 530 

5, 070 
5,470 

6, 530 
5,410 
5,640 

11,890 

12, 090 
11, 730 
11, 160 
11,510 
11,170 
13, 850 
14, 110 
15, 140 
14, 450 

13, 780 

14, 390 
23, 800 
25, 360 

22, 750 

23, 090 
20, 900 
19, 550 

24, 550 

24, 840 

25, 340 
25, 670 
23,180 
25, 180 

28, 600 

29, 800 
28, 500 
29, 240 
30, 120 
29, 780 



48, 090 
46, 940 

49, 280 
55, 340 
51,520 
49, 910 
49, 540 
49, 960 
50, 128 
46, 900 
46, 980 
46, 350 
37, 636 
37, 326 
41, 030 
39, 480 
37, 446 
39, 533 
43, 194 
47, 490 

41, 360 
43, 080 
41, 140 
39, 575 
36, 210 

42, 245 
42, 233 
42, 712 
38, 125 
41, 620 
38,964 
41,540 
39,972 
41, 712 
40, 430 
40, 850 



Eemarks. — The iron plates with punched and drilled grooves show- 
that fractures began at the sides of the grooves for those specimens 
having a width of 1J", and wider before the metal separated at the 
middle of the specimen. 

Fractures fibrous. 
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Tensile tests of £" grooved specimen wrought iron. 



© 



© 

,© 

s 
to 



128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
J 38 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 



Plate. 



© 

© 

a 



© 

bo 



Drilled . 
— do ... 

. . do . . , 

do . . . 

— do . .. 
— do . ., 
— do . .. 

do . 

. . . do . . , 

. . do . . . 

do . . , 

do . 

do .. 

.-..do .. 

. . do . . 
. do . . . 
— do ... 
— do . . , 

. . do . . 
do . .. 

. . do . . . 
— do . . 
do . . . 

. . do . . . 

. . do . . 
...do ... 
... do ... 
....do ... 
. . . do . . . 

...do ... 

do ... 

do . . 

do . 

. . do . . 
. . . do . , 

do 

....do ... 
....do ... 

do .. 

do . . 

do .. 

do ... 

do .. 

— do . 

do . . 

do . . 

....do.. 
do .. 



Inch 

* I 

* 

4 



-i 



. . i 



a 

4 

a 

4 
1 

1 

X 

4 

i 

I 
a 

4 



i 
X 
4 

I 

i 
l 



X 
4 

a. 

4 

1 
1 

x 

4 
i 

i 



— © 
S3 •"* 

- b£ 



Inch. 
.51 
.52 
.52 
.52 
.49 
.50 
.47 
.51 
1.00 
1.02 , 
1.00 
1.00 
1.00 ; 
1.02 ! 
I. 01 
1.00 
1. 50 
1. 52 
48 ' 
51 
52 
50 ' 
48 , 
50 



O 

& © 

a * 

© 



1. 

1. 

1. 

1. 

1. 

1. 

2.01 

2.05 

2.00 

2.00 

2. 00 

2. 00 

2.02 

2 
o 



ft 2 



1 



00 
51 
2. 52 
2.51 
50 
51 
49 



2. 
2. 



2.49 



1 


2.50 


4- 


3.02 


i 


3.02 


* 


3.00 


* 


3.00 


* 


2.93 


2 


2.99 


1 


2.98 


1 


3.01 



eg 
<s 

a 
© 



Ultimate strength. 






Inch. 

.249 

. 245 

.275 

.276 

.248 

.248 

.275 

.276 

.276 

.273 

.276 

.280 

. 252 

.275 

.247 

.27* 

.276 

.273 

. 251 

.273 

.275 

.276 

. 274 

.249 

.275 

.279 

. 275 

.278 

.286 

.275 

.279 

.277 

.244 

.280 

. 282 

.244 

.285 

.242 

.242 

.280 

.250 

.249 

.240 

.250 

.242 

.250 

.279 

.281 



© 
© 



Sq.in.' 
.127 
.127 
.143 
.144 
.122 
.124 
.129 
.141 
.276 
.278 
.276 
.280 
.252 
.281 
.249 
.278 
.414 
.415 
.371 
.412 
.418 
.414 
.406 
.374 
.553 
.572 
.550 
. 556 
.572 
. 550 
.564 
. 554 
.612 
.706 
.708 
.610 
.715 
.603 
.603 
.700 
.755 
.752 
.720 
.750 
.709 
.748 
.831 
.846 



Actual ! 



Pounds 
per 



Remarks. 



P» unds - attach. 



7,085 


55, 787 


7,100 


55, 905 


8,220 


57, 480 


8,060 


56, 000 


6, 050 


49, 600 


7,030 


56, 700 


7, 080 


54,880 


8,150 


57, 800 


14, 980 


54,300 


16, 040 


57, 700 


14, 840 


53, 800 


14, 680 


52, 430 


12,450 


49, 400 


15, 190 


54, 060 


13,140 


52, 770 


15,180 


54, 600 


20, 340 


49, 130 


21,290 


51, 300 


17, 520 


47, 220 


22, 000 


53, 400 


22, 650 


54, 180 


22, 600 


54, 600 


22, 840 


56, 250 


17, 300 


46, 260 


25, 380 


45, 900 


26, 780 


46, 820 


26, 370 


47, 950 


27, 600 


49, 640 


25, 540 


44,650 


27, 930 


50, 780 


27, 550 


48, 850 


27,610 


49,840 


27, 530 


44, 980 


28, 350 


40, 150 


30, 550 


43, 150 


27, 760 


45, 500 


33, 240 


46, 500 


29, 860 


49, 520 


31, 350 


44, 780 


34, 500 


45, 700 


33, 740 


44,870 


33, 670 


46, 760 


34, 280 


45, 700 


34, 000 


47, 950 


36, 460 


48, 740 


38, 140 


45, 900 


37, 570 


44, 410 



Seam developed 
half way across 
fracture. 



Open weld in roll- 
ing at fracture. 



Small open weld 
, in rolling at , 
i fracture. 



Tensile tests of±" grooved specimens steel plate. 



© 

,© 

S 

s 



Plate. 



o 



'.go 
I © p 

. I S> 
'.3 



176 Punched. 

177 ... do ... . 

178 ... .do ... . 

179 do 

180 do 

181 ....do .... 



Inch 

ft 
ft 
I 

i 

l i 

l 



182 ...do | & | 

183 do ! ft , 

184 ....do I | 

185 ....do ' | ; 

186 ....do 1 j 

187 ....do 1 I 

188 do ft j 

189 ....do | 



A © 



Inch. 

.49 

.47 

.48 

.48 

.48 

.47 

.99 

1.00 

1.01 

.96 

.96 

.95 

1.45 

1.45 



<4H 

o 
2 • 

©-2 

a « 
•"■a. 

xi 
H 



Inch. 

.250 

.249 

.249 

, .248 

.247 

.248 

.249 

.250 

I .249 

I .250 

j .248 

l .245 

.248 

: .252 



2 

03 

r-i 

a 

© 



Ultimate strength. 
Actual 



Pounds 



4 Remarks. 



"S pounds. ' *£* 



© 



sq. inch, i 



Sq. in. 
.123 
.117 
.120 i 
.119 j 
.119 I 
.117 
.246 i 
.250 
.251 
.240 
.238 
.233 
.360 
.365 



8,010 


65, 120 


7,840 


67, 010 


7,610 


63, 420 


7, 920 


66, 550 


7,980 


67, 060 


7,640 


65, 300 


14, 720 


59,840 


15, 540 


62, 160 


17, 130 


68, 246 


16, 160 


67, 330 


15, 700 


65, 966 


14, 610 


62, 700 


23, 070 


64,080 


23, 360 


64, 000 



144 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

J ensile tents of±" grooved specimens steel plate — Continued.- 



• 




C 




o 




Ultimate 


strength. 




• 




• £ t 


^2 


• 
5 d> 


^m 








9 

a 


Plate. 


■16 

••• 


03 bfc 

c © 

3 a 


2 * 

JC 

H 


C 

a 
o 

CO 


Actual 
pounds. 


Pounds 

per 
sq. inch. 


Remarks. 






Inch 


Inch. 


Inch. 


/Sty. in.  


• 






; 190 


do 


1 


1. 45 


.249 


.361 i 


22,030 


61, 025 




, 191 


do 


1 


1.51 


.251 


.379 


22,520 


59, 420 




192 


do 


i 9 « 


1.96 


.250 


.490 


29, 350 


59, 900 




I 393 


... do 


3 


1.93 


. 252 


.486 


30, 860 


63,500 




1 194 


do .... 


1 


1.98 


.250 


.495 


29, 380 


59, 850 




> 195 


... do 


1 


1.96 


.251 


.492 


29.060 


59,060 




| 196 


do . 


1ft 


2.49 


.249 


.620 


36, 020 


58, 100 




| 197 


. . . do . . . 


! 1 


2.47 


.249 


.615 


39, 300 


63,900 




198 


do 


1 


2.43 


.250 


.608 


37,450 


61,640 




199 


... do ... . 


A 


2. 95 


. 251 


.740 


41, 830 


56,530 


Specimen to 


• 200 


do 


in 


3.01 


.249 


.74H 


44, 030 


58, 780 


apart from < 
edge. 


201 


do . . . 


3 

•4 


3.04 


.253 


.769 ' 


42, 680 


55, 500 


' 202 


do 


, 3 


2.97 


.252 


.748 


44. 920 


60, 060 




1 203 


do 


1 


2.98 


. 25t 


.748 


40, 430 


54,950 




1 204 

i 


do 


: l 


2.97 


.249 


.740 


41, 470 


56, 040 





Above fractures, silky appearance. Specimens 1" wide fracture at 
the sides of the groove before breaking at the center. The same re- 
marks apply to all specimens above 1" in width. 

Specimens £" wide at bottom of groove break square across, leaving 
the fractured ends straight. 

Tensile tests of ±" grooved specimens steel plate. 






Plat<? 



£ c 
* 2 

as 

SB 



-t-> & 

o > 

■t-i a 



a eg 



£5 • H 



4- 



o 



Ultimate strength. 



Actual 



Pounds 



Z pounds. 8q P. e n r ch 



Area at fracture. 



§ 

, » p 



205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 



Inch 

Drilled.... i 

. ... do ; j 

do \ 

do | \ 

do i | 

...do I 

...do 1 

do 1 

do ■} 

do £ 

. do h 

. . . .do \ 

do I 

...do » | 

....do ! 1 

....do 1 

...do ! i 

do , J 

do 2 

...do ; 1 

do , \ 

do I J 

....do 1 

....do ! i 

— do i J 

....do | 1 

do • \ 

— do l \ 

do J i 

...do ! $ 

do  £ 

do j 1 

do I 1 



Inch. 

• Ow 

.54 

. 53 

.59 

.51 

.51 

.52 

.52 

03 

02 

02 

1.02 

1.01 

1.00 

1.00 

1.01 

1.54 

1.52 

1.50 

1.54 

2.02 

2.00 



1. 
1. 
I. 



Inch. 
.246 
.248 
.247 
.247 
.249 
. 250 
.248 
. 252 
.247 
.250 
. 246 
. 250 
.247 
.251 
.247 
.250 
.250 
.251 
.253 
.248 
. 252 
.251 



2.02 


.251 


2.50 


.248 


2.50 


.252 


2.53 


.248 


3.03 


.251 


3.00 


.249 


3.02 


.251 


3.02 


.250 


3.00 


.250 


3.00 


.251 


3.03 


.252 



Sq. in. 
.128 
.134 : 
.131 : 
.123 
.127 , 

.128 ; 

.129 
.131 
.2.74 
.255 : 
. 251 
. 255 
. 249 
.251 
.247 
.253 
.385 
.382 
.380 ! 
.382 : 
.509 ' 
.502 
.507 
.620 
.630 
i .627 
.761 
.747 
.758 i 
.755 ; 
. 750 ! 
.753 j 
.764 ! 



8,690 
9,000 
8,760 
8, 070 
8. 430 
8, 630 
8,740 
8,110 
17, 040 

16, 930 
16,760 

17, 270 
16, 440 
16, 820 

15, 920 

16, 720 
24, 790 
24, 200 
24, 460 
24,790 
32, 740 
31,610 
30, 880 
36,740 
39,850 
37, 240 
46,860 
44,130 
45, 140 
45, 070 

47, 530 
44,150 

48, 850 



67,890 
67, 160 
66, 870 

65, 610 

66, 370 
67, 420 

67, 750 
61,910 
67. 090 

66, 390 
«6, 770 

67, 730 

66, 020 

67, 010 
64,450 
66,090 
64, 390 
63, 350 
64,370 
64, 895 
64,320 
62,970 
60, 910 
59,260 
63, 250 
59, 390 
61, 577 
59, 080 
59, 550 
59, 700 
63, 370 
58, 630 
63, 940 



". 47 X'. 12 — .056 square inch... 



Pr.et. 

• 58-2 



".41 > ".12 

".95X".13: 

".92X".13: 

".90X".13: 

".89X'M3= 



: . 049 square inch . 

: .124 square inch. 

.120 square inch. 

.117 square inch. 

.116 square inch. 



62.6 
51.4 
53.0 
53.4 
54.1 



Above fractures silky in appearance. 



Width of specimens at bottom of grooves. 



S. Ex. 1 fecep. 145 2 
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Remarks. — Specimens with \" groove 1" wide fracture first at sides, 
thence tearing to the center of the part tested. 

Specimens with h" groove 1" wide break square across, the fractnre 
taking place at the same time over the fall width. 

Specimens with : \" groove fractured in the same manner as the J" 
grooved ones. 

Specimens with I" groove 1" wide separate first at the middle. 

Specimens 3" wide all fractured irregular across plate, those with 
narrow gr.ioves shewing the greatest convexity of fractured coils. 



The test of this specimen was discontinued after the ultimate strength 
had been determined and before fracture took place. 



146 TESTS OF IRON AND STEEL AND OTHEB MATERIALS. 

* 

Tests to determine the ultimate resistance of plate s 'eel to tearing out at 

rivet holes. 

\" Steel Plate. 

Quality of Hiatal from tensile test : 
Elastic limit, 40,860 pounds per square inch. 
Ultimate strength, 55,760 pounds per square inch. 
Uniform elongation after fracture, 20 per cent. 
Contraction of area at fracture, 56.5 per cent. 
Appearance of fracture, silky. 
Steel plate of \" nominal thickness of the form shown by sketch. 




i t i 



f " drilled hole spaced at distance A from the end of plate. Value of 
A running from 1" to 2", advancing by \". 2 specimens of a kind. 
f " steel pin used in |" boles. 

No. 469. 

Distance from center of hole to edge of plate, 1". 

Thickness of plate, ".246. 

Diameter of hole x thickness = ".625 x ".246 = .154 square inch. 



Loads ap- 
plied. 



Poundi. 
3,500 
5,000 
7,000 
8,000 

9,000 
10,000 
12,000 
13,000 
14,000 
15,000 
16,000 
16,150 

16,200 



Elongation 
of hole. 



Permanent 

elongation of 

Hole. 



Inch. Inch. 

.01 0. 

N o further change. 
.01+ , About . 00i 



.02 




Remarks. 



Loads released to measure perma- 
nent elongation of hole. 

Color changes front of hole. 

Color changes front of hole; 
wider strip oovers. 

Scale starts front of hole. 



Hole widens transversely about 
".00*. 

Depth front of hole, ".57, showing 
a reduotion of ".11. 

Ultimate strength = 105,190 
pounds per square inch on the 
compression area of hole. 



Test discontinued before the metal separated front of hole, the per- 
manent elongation of the hole having reached ".48. 
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, No. 470. 

Duplicate of No. 469. 
Thickness of plate, ".250. 
Diameter of hole x thickness (".625 x .250) = .156 square inch. 



Loads ap- 


Elongation 
of nolo. 


plied. 


Poundi. 


Inch. 


3,300 


.00| 


4,200 


.01 


8,900 


.02 


30,500 


.03 


12,000 


.05 


13,000 


.07 


14,000 


.11 


15,000 


.16 


16,380 


.38 



Remarks. 



Ultimate strength = 105,000 pounds 
per square inch compression. 



No. 471. 



Thickness of plate, . 

Distance from center of f " hole to end of plate, 1".23. 
Compression area, ".250 x ".625 = .156 square inch. 
Micrometer dial applied for getting measurements. 



Loads ap- 
plied. 



Pounds. 

1,000 

1,500 

1,000 

2,000 

2,600 

3,000 

3,500 

1,000 

4,000 

4,500 

5,000 

1,000 

5,500 

6,000 

6,500 

7,000 

7,500 

8,000 

8,500 

9,000 

9,500 

10,000 

1,000 

10,500 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

20,400 



Elongation 
of hole. 



Inch. 
0. 
.0006 



.0011 
.0016 
.0022 
.0029 



.0034 
.0041 
.0046 



.0052 
.0061 
.0071 
.0077 
.0086 
.0093 
.0101 
.0113 
.0129 
.0143 



.6171 

.0199 

.0300 

.043 

.061 

.083 

.114 



Permanent 

elongation of 

hole. 



Inch. 

\"66oi" 



.0010 



.0011 



0082 



Remarks. 



Ultimatestrength===130,770pounds 
per square inch compression. 



Fracture began at sides of hole. 

Total elongation whefa maximum strain was reached, about ".6a 
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No. 472. 

Duplicate of No. 471. 

Thickness of plate, ".249. 

Distance from center of £ " hole to end of plate, 1".29. 

Compression area, .156 square inch. 



Loads ap- 
plied. 

Pounds. 
1,000 
5,000 
7,000 
8,000 
1,000 


Elongation 
of hole. 


Permanent 

elongation of 

hole. 


Remarks. 


Inch. 

0. 

.0080 
.0120 
.0150 


Inch. 


Ultimate strength =129, 360 pounds 
per square inch compression. 








.0100 


9,000 
9,500 
10,000 
10,600 
11,000 
11,500 


.0175 

.019 

.021 

.023 

.026 

.030 












12, 000 - 037 




12,500 
13,000 
]3, 500 
14,000 
15,000 
20,180 


.044 
.052 
.060 
.071 
.096 








* 











Fracture began at end of plate, front of hole, when elongation of hole 
had reached ".57. 

No. 473. 

Thickness of plate, ".250. 

Distance from center off" hole to end of plate, 1".51. 

Compression area, .156 square inch. 



Loads ap- 
plied. 


Elongation 
of hole. 


Permanent 

elongation of 

hole. 


Remarks. 


Pounds. 
1,000 
5,000 
10,000 
1,000 
11,000 
11,500 
12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
23,900 


Inch, 

0. 

.0075 
.0181 


Inch. 


Ultimate strength=153,200 pounds 
per square inch compression. 






.0125 


.0220 

.0240 

.0268 

.0308 

.034 

.040 

.047 

.056 

.064 

.074 






















- 
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No. 474. 
Duplicate of No. 473. 
Thickness of plate, ".253. 

Distance from center of hole to end of plate, 1".51. 
Compression area, .160 square inch. 



Loads ap- 
plied. 



Elongation 
of Cole. 



Permanent 

elongation of 

hole. 



Pounds. 
1,000 
5,000 
10,000 
1,000 
11,000 
12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
17,000 
18,090 
19,000 
30,000 
21,000 
22,000 
24,700 



Inch. 
0. 

.0050 
.0156 



.0195 

.0250 

.0285 

.0325 

.0385 

.0447 

.0523 

.0610 

.0703 

.0805 

.1030 

.131 

.165 

.208 

.264 

.346 



Inch. 



. 0096 



Remarks. 



Note.— The shape of the speci- 
men after fracture appears to in* 
dicate that the ultimate strength 
is somewhat lower than would be 
attained if the specimen was wider, 
so as to prevent the metal from 
widening the test piece at the end. 



Ultimate strength = 154, 370 pounds 
per square inch compression. 



Failed the same as No. 473, by the metal front of the hole tearing 
apart. 

No. 475. 
Thickness of plate, ".246. 

Distance from center of hole to end of plate, l x/ .75. 
Compression area, .154 square inch. 



Loads ap- 
plied. 


Elongation 
of hole. 


Permanent 

elongation of 

hole. 


Remarks. 


Pounds. 
1,000 
10,000 
1,000 


Inch. 
0. 
.0172 


Inch. 


Ultimate strength=186, 300 pounds 
per square inch compression. 




.0118 


10,500 
11,000 
11,500 
12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 


.0190 

.0208 
.0230 
.0258 
.0282 
.0315 
.0350 
.0390 
.0435 
.0490 
.0fi4£ 






















16, 000 . 0620 
16, 500 . 0700 
17, 000 . - 0785 








28,700 













Failed by tension at end of plate, front of hole, and also shearing at 
sides of hole. 

Scale disturbed the full width (3£") of the plate on either side of the 
hole. 
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Ko. 476. 
Duplicate of No. 475. 
Thickness of plate, ".249. 

Distance from center of hole to end of plate, 1".73. 
Compression area, 1.56 square inches. 



Loads ap- 
plied. 



Pounds. 

1,000 
10,000 

1,000 
12,000 
12,600 
13,000 
13,600 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 
17,500 
18,000 
27,500 



Elongation 
of Hole. 



Inch. 
0. 
.0216 

\o33o" 
.0360 
.0410 
.0455 
.0515 
.0580 
.0660 
.0740 
.0845 
.0050 
.1060 
.1182 
.1320 



Permanent 

elon cation of 

hole. 



Inch. 



0158 



Remarks. 



Ultimate strength = 176, 280 pounds 
per square inch compression. 



Tore apart front of hole, fracture beginning at the end of the plate; 
sheared out piece, width about £". 

The manner of failure probably would have been different with a 
wider specimen, as this specimen widened at the end in a marked 
manner. 

No. 477. 

Thickness of plate, ".248. 

Distance from center of hole to end of plate, 1".98. 

Compression area, .155 square inch. 



Loads ap- 
plied. 



Pounds. 
1,000 
10,000 
1,000 
12,000 
12,500 
13,000 
13,500 
14,000 
14,500 
15,000 
15,500 
16,000 
16,500 
17,000 
17,500 
18,000 
18,500 
19,000 
31,800 



Elongation 
of hole. 



Inch. 
0. 
.0162 



.0252 
.0282 
.0315 
.0350 
.0390 
.0435 
.0480 
.0530 
.0590 
.0650 
.0712 
.0788 
.0870 
.0968 
.1080 



Permanent i 
elongation of i 
Hole. 



Remarks. 



Inch. 



.0110 



Ultimate strength=205,160 pounds 
per square inch compression. 
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No. 478. 
Duplicate of No. 477. 
Thigkness of plate, ".248. 

Distance from center of |" hole to end of plate, 1".99. 
Compression area, 1.55 square inches. 



1 

Loads ap- 
plied. 


Elongation JSH^SA, 
of Sole. ^Xll? 


Remarks. 


Pound*. 

1,000 
10,000 

1,000 
12,000 
13,000 
13,600 
14,000 


Inch. Inch. 
,0222 1 


Ultimate strength =200,820 pounds 
per square inch compression. 


.0166 


.0330 1 


.0400 i 


.0446 


.0490 


14,600 


.0550 1 


15,000 


.0600 


15,500 


.0662 


16,000 
16,600 
17,000 
17,500 


.0788 


.0820 1 


.0915 ! 


.1015 i 


1 18,000 


.1120 i 


31, 050 


i 


i 


I 



Details of riveted joints. 
Steel Plates — Punched Holes. 

Steel plates, from No. 469 to No. 478, inclusive, punched 11".16 holes 
for |" rivets through opposite end to that drilled. 

The specimens were riveted together in pairs, and afterwards the 
rivet heads were planed off and the rivets driven out. 

This leaves the punched holes in substantially the condition they are 
used in practice. 

A steel pin, ".70 diameter, is used through the holes. 

Punched holes in specimens Nos. 479 to 483, inclusive, and Nos. 401 
to 405, inclusive. 



152 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



So. 479. 

Distance from center of hole to end of plate, 1".05. 

Diameter of hole, ".11* 

Thickness of plate, 2".46. 

Compression area, ".246 x ".70 = .172 square inch. 

End of plate was sheared. 



Loads ap- 
plied. 



Poundi. 

1,000 

2,000 

3,000 

4,000 

5,000 

1,000 

6,000 

6,500 

7,000 

7,500 

8,000 

8,500 

9,000 

9,600 , 

10,000 

10,500 

11,000 

11,500 

12,000 

12,500 

13,000 

18,500 

14,000 

15,000 
15,500 
14000 
16,500 
17,000 
17,150 



Elongation 
of bole. 



Inch. 



.0022 
.0040 
.0060 
.0077 



.0097 
.0104 
.0114 
.0123 
.0132 
.0142 
.0151 
. 0160 
.0170 
.0180 
.0190 
.0991 
.0213 
.0282 
.0*2 



.0828 
.0892 
.0502 
.069B 

.1502 



8060 



Permanent ; 

elongation of , 

hole. ! 



Remarks. 



-i . 



Inch. 



.0042 



Ultimate strength =90, 71© pounds 
per square iach compression. 
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No. 480. 

Distance from center of hole to end of plate, 1".02. 
End of plate planed. 
Thickness of plate, ".250. 
Compression of area, .175 square inch. 



Load 8 ap- { Elongation, 
plied. ' of hole. 



Remarks. 



Pounds. 

1,000 

5,000 

8,000 

8,500 

9,000 

9,500 

10,000 

10,500 

11,000 

11,500 

12,000 

12,500 

13,000 

13,500 

14,000 

14,500 

15, 000 

15,500 

16,000 

16,500 

17,000 

17, 310 



Inch. 
0. 

.0064 
.0100 
.0104 
.0112 
.0118 
.0124 
.0132 
.0139 
. 0147 
.0155 
.0166 
.0180 
.0194 
.0214 
.0249 
. 0322 
.0434 
.0594 
.0874 
.1374 
.2104 



Ultimate strength = 98,910 pounds per square 
inch compression. 



Sheared out plate in front of hole. 

Fo. 481. 

Distance from center of hole to end of plate, 1".28. 

End planed. 

Thickness of plate, ".250. 

Compression area, .175 square inch. 



t 


| ! 

Pound*. ! Inch. 

! 1,000 0. 

i 5, 000 . 0048 

8,000 .0070 

10,000 .0090 

11,000 < .0101 

, 11,500 .0110 

i 12,000 .0119 

j 12,500 ! .0128 

1 13,000 .0138 

13, 500 . 0148 

14, 000 . 0162 

14, 500 ! . 0180 

15, 000 . 0205 

15,500 < .0241 

16,000 , .0298 

! 16,500 , .0380 

I 17,000 .0482 

j 17,500 .0600 

18,000 .0755 

j 18,500 , .0930 

j 19,900 i .1158 

19,500 .1440 

1 20,000 ' .1790 

20,500 .1980 

20, 800 l . 2670 

21, 400 | 

1 
1 ! 


 
- 

Ultimate strength = 122,280 pounds per square 
inch. 



Failed by shearing out front of hole. 
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No. 482. 

Distance from center of hole to end of plate, 1".26. 

Sheared end to plate. 

Skin planed off one side of plate at the hole about ".003 deep. 

Thickness of plate, ".249. 

Compression area, ".246 x ".70= .172 square inch. 



Loads ap- 
plied. 


Elongation 
of hole. 


Remarks. 


Pounds. 


Inch. 




1,000 


0. 




5,000 


.0078 




8,000 


.0120 




10,000 


.0148 




11,000 


.0161 




11,600 


.0171 




12,000 


.0181 


i 
i 


12,600 


.0195 


I 


18,000 


.0210 




13,600 


.0228 




14,000 


.0250 




14,500 


.0290 




15,000 


.0348 


i 


15,600 


.0430 




16,000 


.0540 




16,600 


.0670 




17,000 


.0850 




17,500 


.1060 




18,000 


.1380 




19,000 


.2050 




19,780 




Ultimate strength = 115,000 pounds per square 
inch compression. 







Failed in the same manner as No. 480. Its strength probably im- 
paired by the slight strip planed off at side of hole. 

No. 483. 

Distance from center of hole to end of plate. 
Planed end of specimen. 
Thickness of plate, ".250. 
Compression area, .175 square inch. 



Remarks. 



Loads ap- 


Elongation i 


plied. 


of hole. 


 


Pounds. 


Inch. 


1,000 


0. 


5,000 


. 0035 


10,000 


.0085 


11,000 


.0098 


11,500 


. 0105 


12,000 


.0115 


12,500 


.0128 i 


13,000 


. 0135 


13,500 


.0146 


14,000 


. 0167 > 


14,500 


. 0172 


15,000 


.0187 


15,500 


.0209 1 


16,000 


.0287 1 


16,500 


.0277 


17,000 


.0822 




17,500 


.0387 




18,000 


.0465 




19,000 


.0687 




20,000 


.0857 


21,000 


.1127 , 


22,000 


.1487 ' 


23,000 
24,000 


.1917 




.2577 




24,820 


.3790 


€ 



Ultimate strength ■» 141,830 pounds per square 
inch compression. 



Failed in the same manner as No. 4S0. 
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No. 401. 

Distance from center of hole to end of plate, 1".40. 
Planed end of specimen. 
Thickness of plate, 2".53. 
Compression area, .177 square inch. 



Loads ap- 
plied. 


Elongation 
of hole. 


Remarks. 


Pounds. 


Inch. 




1,000 


0. 




5,000 


.0038 




10,000 


.0090 




11,000 


.0101 




12,000 


.0115 




12,500 


.0121 




13,000 


.0130 




13,500 


.0140 




14,000 


.0150 




14,500 


.0160 




15,000 


.0178 




15,500 


.0192 




16,000 


.0212 




16,500 


.0240 




17,000 


.0272 




17,500 


.0315 




1 18,000 


.0378 




! 19,000 


.0540 




20,000 


.0730 




1 21,000 


.0980 


• 


22,000 


.1330 


• 


23,000 


.1730 




24,000 


.2460 




24,350 


. 3110 


Ultimate strength = 137,570 pounds per square 
inch compression. 



Failed same as No. 480. 



No. 402. 



Distance from center of hole to end of plate, 1".75. 
Planed end of plate. 
Thickness of plate, ".246. 
Compression area, ".172 square inch. 



Loads ap- 
plied. 


Elongation 
of bole. 


Remarks. 


Poundt. 


Inch. 




1,000 


0. 




5,000 


.0084 




10,000 


.0160 




12,000 


.0196 




12,500 


.0206 




13,000 


.0216 




13,500 


.0227 




14,000 


.0240 




14,500 


. 02M 




15,000 


.0270 




15,500 


.0287 




16,000 


.0306 




16,500 


.0334 




17,000 


.0363 




17,500 


.0393 




18,000 


.0445 




18,500 


.0506 




19,000 


.0575 




19,500 


.0665 




20,000 


.0755 




21,000 


.0965 




22,000 


.1205 




23,000 


.1480 




24,000 


.1810 


i 


25,000 


.2130 




26,000 


.2680 




26,500 


.3190 


Ultimate strength =154,070 pounds per square 






inch compression. 



Failed the same as No. 480. 
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No. 403. 

Distance from center of hole to end of plate, 1".76. 
Plate sheared across end. 
Thickness of plate, ".249, 
Compression* area, ".174 square inch. 



Loads ap- 
plied. 


Elongation 
of Hole. 

Inch. 


Remarks. 


Pounds . 




1,000 


0. 




5,000 


.0158 




10,000 


.0195 




12,000 


.0220 




12,500 


.0228 




13,000 


.0238 


, 


1 13, 500 


.0249 


- 


14,000 


.0261 


, 


! 14,500 


.0280 




15,000 


.0300 




I 15,500 


.0325 




1 16,000 


.0355 


1 


! 16,600 


! .0410 




17,000 


.0470 




i 17,500 


.0532 




; i8,ooo 


.0605 


i 


! 18,500 


.0690 


 


19,000 


.0788 


1 


19,500 


.0900 




20,000 


.1025 


, 


< 21,000 


. .1295 




22,000 


.1600 


 


23,000 


.1930 




24,000 


.2360 




25,000 


.2820 




25,900 


.3820 


 Ultimate strength = 148,850 ] 
inch compression. 



Failed in the same manner as No. 480. 

No. 404. 
Thickness of plate, ".248. 

Average diameter of punched hole (".70+".78)?*".74. 
Distance from center of hole to end of plate, 2". 
The end of the specimen is planed. 
Compression area, ".174 square inch. 



Loads ap- 
plied. 


Elongation 
of hole. 

Inch. 


Remarks. 


Pound*. 




1,000 


0. 




5,000 


.0081 


i 


10,000 


.0192 




12,000 


.0236 




13,000 


.0261 




13,500 


.0279 




14,000 


.0296 




14,500 


.0310 




15,000 


.0331 




15,500 


.0352 




16,000 


.0380 


 


16,500 


.0409 




17,000 


.0436 




17,500 


.0470 




18,000 


.0515 




18,500 


.0650 


 


19,000 


.0625 




19,500 


.0696 




20,000 


.0778 




20,500 


.0872 




21,000 


.0961 




22,000 


.1208 




23,000 


.1455 




24,000 


.1700 




25,000 


.2060 




28,900 


.3770 




29,200 




Ultimate strength =167, 820 pounds per square 
inch compression. 







Failed same as No. 480. Appearance of fracture silky. 
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STo. 405. 
Thickness of plate, ".248. 

Diameter of punched holes: Punch side, ".77 ; die side, ".81; aver- 
age diameter, ".79. 
Same pin used as before, ".70 diameter. 
Distance from center of hole to end of plate, 2".05. 
Plate planed across end. 
Compression area, .174 square inch. 



t 

! Loads ap- 


Elongation 


plied. 


of hole. 


Pounds. 


1 
Inch. «■ ' 


1,000 


0. 


5,000 


. 0095 


10,000 


.0240 


12,000 


.0320 


l 14, 000 


.0420 


15,000 


.0480 


15,500 


.0515 


i 16, 000 


.0549 


i 16, 500 


. 0590 


17,000 


.0620 


17,500 


.0662 


18,000 


. 0710 


18,500 


.0756 


19,000 


. 0812 


19,500 


.0889 


20,000 


.0962 


21,000 


. 1140 


22, 000 


.1340 


23,000 


. 1618 


24,000 


. 1895 


25,000 


.2228 


30,980 


U11 

i * 



Remarks. 



Ultimate strength =178, 050 pounds per square 
inch compression. 



Failed the same as No. 480. 



Details of riveted joints. 

£" Steel Plate — Punched Holes. 

fiesistance of plates to tearing out punched holes; f " punched holes 
plates not riveted. 
Holes varying from 1" to 2" from end of plates. 

FORM OF SPECIMENS. 




' » ' 



Holes punched: Punch side, ".64 diameter; die side, ".70 diameter. 
Pin used in punched holes, |" diameter. 
Sheared ends. 
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Ultimata rulst- 


1* 


oj>oe. 








•si 


i 


*t? 


si- 


m 













102,400 







129, 380 



Above specimens, JTos. 406 to 115, inclusive, prepared with \\" drilled 
holes through opposite ends. 
Same f " pin used as before. 



' Steel Plate, ±£" Drilled Holes. 
bheahed ends. 





!i 


£ 


;! 


m,„. 


e restst- 








1 


II 




ill 

In 


| 


^1 = 


Remark ». 


1 

E 


11 


1 


| 


111? 




1 






































15. BOO 


100.000 








































'«4 




IN 


Jfl.070 
















iHS 
















































































1S8.B0O 





TESTS OF IRON AND STEEL AND OTHER MATERIALS. 159 



WROUGHT-IRON PLATE. 

(Tests to determine the ultimate resistance of iron plate to tearing out 

at the rivet holes.) 

f" Drilled Holes. 

SHAPE OP SPECIMENS. 




Qrt 



ff JDHUea TwUa. 
Ends of specimens 



•planed. 



I t l 



No. 445. 
Thickness of plate, ".241. 
From center of hole to end of ptyte, ".99. 
Compression area of hole ".625 x ".241 = .151 square inch. 



Loads ap- 
plied. 



Pound*. 
1,000 
5,000 
1,000 
6,000 
7.000 
8,000 
9,000 
9,500 
10,000 
10,250 



Elongation 
of hole. 



Permanent 

elongation of 

hole. 



Remarks. 



Inch. 


Inch. 


.0065 






.0035 


.0088 




.0115 





.0165 
.0248 
.0308 
.0398 



About. 09 ! ! Ultimate strength =67, 880 pounds 

per square inch on compression 
i area of holes. 



Failed by developing a fracture at end of plate, where metal was 
under tensile strain. Fracture then extended towards drilled hole. 

No. 446. 
Duplicate of No. 445. 
Thickness of plate, ".244. 

Distance from center of hole to end of plate, 1". 
Compression area of hole, ".625 x ".244 = .153 square inch. 



Loads ap- Elongation 



plied. 



of hole. 



Pounds. 

1,000 

5,000 

1,000 

6,000 

6,500 

7,000 

7,500 

8,000 

8,500 

9,000 

9.500 

10,000 

10,500 

11,000 

11,280 



Inch. 
0. 
.0060 



.0071 
.0080 
.0090 
.0100 
.0118 
.0140 
.0176 
.0220 
.0265 
.0345 
.0480 
.0630 



Permanent 

elongation 

of holes. 



Remarks. 



Inch. 
.0028" 

i 

I 

I : Ultimate strength =73,720 pounds 

! per square inch on compression 

i area. 
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Test continued after passing the ultimate resistance, developing 
fractures on either side of the hole. 

The initial fracture began at the end of the plate, reaching back to 
the hole. 

No. 447. 

Compression area, ".625 x "'245 = .153 square inch. 

Thickness of plate, ".245. 

Distance from center of |" hole to end of plate, 1".25. 



Loads ap- 
plied. 



Poundi. 

1,000 

2,000 

3,000 

4,000 

5.000 

0,000 

6,600 

7,000 

7,500 

8,000 

8,500 

9,000 

9,500 

10,000 

10,500 

11,000 

11,500 

12,900 

12,500 

12, 720 



Elongation 
of Cole. 



Inch. 



.0020 
.0036 
.0055 
.0071 
.0066 
.0096 
.0106 
.0118 
.0135 
.0150 
.0168 
.0189 
.0215 
.0244 
.0296 
.0355 
.0430 
.0535 
.0705 



Remarks. 



Ultimate strength = 83,140 pounds per square 
inch on compression area. 



Failed same as specimen No. 445.. ' 

No. 448. 
Duplicate of No. 447. 
Thickness of plate, ".243. 

Distance from center of hole to end of plate, 1".22. 
Compression area, ".625 x ".243 = .152 square inch. 



Loads ap- 
plied. 


JSIohffatkm 
of hole. 


Remarks. 


Poundi. 

1,000 

5,000 

6,000 

6,500 

7,000 

7,500 

8,000 

8,500 

9,000 

9,600 

10,000 

10,500 

11,000 

11,500 

12,000 

12,500 

13,000 


Inch. 
0. 

.0070 
.0090 
.0100 
.0109 
.0118 
.0128 
.0142 
.0161 
.0182 
.0210 
.0245 
.0290 
.0342 
.0410 
.0500 
( . 0810 
\ .0880 


Ultimate strength = 85,530 pounds per square 
inch on compression area. 



Failed same as No. 445. 



I 
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No. 449. 
Thickness of plate, ".243. 

Distance from center of hole to end of plate, 1".50. 
Compression area, ".625 x ".243 = .152 square inch. 



Loads ap- 
plied. 


Elongation 
of hole. 


Remark*. 


Poundt. 


Inch. 




1,000 






5,000 


.0042 




6,000 


.0053 




6,500 


.0063 




7,000 


.0073 




7,500 


.0083 




8,000 


.0093 




8,500 


.0107 




9,000 


.0122 




9,500 


.0142 




10,000 


.0162 




10,500 


.0187 




11,000 


.0217 




11,500 


.0247 




12,000 


.0287 




12,500 


.0332 




13,000 


.0392 




13,500 


.0460 




14,000 


.0537 




15, 510 


.0992 


Ultimate strength = 102,040 pounds per square 
inch on compression. 



Failed same as No. 445. 

No. 450. 
Duplicate of No. 449. 
Thickness of plate, ".243. 

Distance from center of hole to end of plate, 1".50. 
Compression area, .152 square inch. 



Loads ap- 
plied. 


Elongation 
of hole. 


Bemarks. 


Pounds. 


Inch. 




1,000 


0. 




5,000 


.0049 




6,000 


.0060 




7,000 


.0078 




7,560 


.0089 




8,000 


.0100 




8,500 


.0112 




9,000 


.0130 




9,500 


.0151 




10, 000 


.0175 




10,500 


.0208 




11, 000 


.0239 




11, 500 


.0275 




12,000 


.0321 


• 


12, 500 


.0380 




13, 000 


.0450 




13,500 


.0520 




14,000 


.0610 


. 


15, 000 


.0810 




15, 780 


.1180 


Ultimate strength = 103,820 ponnds per square 
inch compression. 



Fractured same as No. 445. 

J" plates No8. 445 to 450, inclusive, that have been tested with drilled 
holes, now prepared with punched holes through opposite ends, punched 
and riveted together in pairs with § " iron rivets. The rivet heads were 
planed off and the rivets driven out. 

S. Ex. 1 11 
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It is found that these machine-driven rivets produce serious injury 
to the plates. When the hole was within 1£" of the e4g$ tto pjfttes 
were burst by the rivetq, starting fractures at the edge of the pla,to« 

While the plates in this condition, with fracture already developed, 
will fail to give the comparative strength of drilled and punched holes, 
the results will probably give an indication of the strength of riveted 
joints in iron plates that have been weakened in this same manner. 

Specimens Nos. 451 to 456, inclusive, have punched holes. Size of 
punch, W diameter; die, f" diameter. 

Diameter of pin used in punched holes, ".70. 

No. 451. 
Thickness of plate, ".241. 
Distance from center of hole to end of plate, 1". 
Compression area ".241 x ".70 = .1687 square inch. 



1 



Loads ap- 
plied. 


Elongation 
of hole. 


« 

Bemarka. 


Pounds. 
1,000 
5,000 
6, MA 
7,000 
8,000 
8,250 


Inch. 
0. 

.0215 
.027% 
.093* 
.0410 


Ultimate strength = 48, 900 pounds 
per square inch compression. 





SKetch, op 





No. 452. 
Thickness of plate, ".244. 

Distance from center of whole to end of plate, 1". 
Compression area ".244 x ".70 = .171 square inch. 
8,100 pounds ultimate strength = 47,370 pounds per square inch com- 
pression. 
Fracture started same as in No. 451. 
Afterwards developed fractures at sides of hole. 

No. 453. 
Thickness of plate, ".245. 

Distance from center of hole to end of plate, 1".25. 
Compression area, ".245 x ".70 = .172 square inch. 
11,200 pounds ultimate strength = 65,120 pounds per square inch com- 
pression. 
Fracture at end of plate about 4" long, reaching back towards hole. 
End of specimen sheared. 
Failed by opening initial fracture and a fracture at side of hole. 



i 






\ 
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No. 454. 

Thickness of plate, ".243. 

Distance from center of hole to end of plate, 1".20. 

Compression area, ".243 x ".70 =? .17 square inch. J 

Fracture in end of plate cansed by riveting similar to Bo. 459. 

12,500 pounds ultimate strength = 73,550 pounds per square inch com- 
pression. 

Mb. 455. 

Thickness of plate, ".243. 

Distance from center of hole to end of plate, 1".47. 

Compression area, ".243 x ".70 = .170 square inch. 

Punched hole about ".02 larger in diameter than the punch and die 
used. 

TSo fracture in sight caused by riveting. 

End of plate sheared. 





 


i 


Loads ap- 
plied. 


Elongation 
of nolo. 


Bemarks. 


_Pfl1Hl(ff_ 


Inch. 




1,600 


0. 




5,000 


.0082 




10,000 


.0206 




10,600 


.0215 




11,000 


.0230 




11,500 


.0248 




12,000 


.0268 


• 


12,500 


.0289 




13,000 


.0310 




13,500 


.0389 


 


14,000 


.0380 


. 


14,500 


.0439 




15,000 


.0530 


• 


15,150 


.0570 


Ultimate strength 3x89,120 pounds 
per square inch compression. 



Fracture began at end of plate. 

No. 456. 
Thickness of plate, ".243. 

Distance from center of hole to end of plate, 1".47. 
End of plate planed. 
Compression area, ".243 x ".70 = .170 square inch. 



Loads ap- 
plied. 


Elongation 
of Hole. 


Bemarks. 

! 


Pounds. 
1,000 
5,000 
8,000 
10,000 
10,500 
11, 000 
11,500 
12, 000 
12,500 
13,000 
13,500 
14, 000 
14,500 
15,000 
15,500 
16,000 
16,300 


Inch. 

0. 

.0070 
.0139 
.0188 
.0201 
.0218 
.0C35 
.0255 
.0280 
.0305 
.0335 
.0372 
.0410 
.0460 
.0515 
.0605 
.0750 


Ultimate strength =05, 900 pounds 
per square inch compression. 



Failed by opening a fracture at the end of the plate. 
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Nos. 457 to 462, inclusive. 

1" plates having f" punched holes. Punch, ".64 diameter; die, ".71 
diameter. 
Plates did not have rivets driven. Ends planed. 
Diameter of pin used in punched holes, f "♦ 

No. 457. 




? i i 



Compression area, ".243 x ".625 =.152 square inch. 



Loads' ap- 
plied. 


Elongation 
ofnole. 


Remarks. 


Pound*. 
1,000 
8,000 
5,000 
5,500 
6,000 
6,500 
7,000 
7,500 
8,000 
8,500 
9,000 
9,000 
9,500 
10,000 
10,500 
11,000 


Inch. 

0. 

.0090 
.0182 
.0205 
,0280 
.0251 
.0285 
.0818 
.0858 
.0405 
.0450 
.0468 
.0528 
.0608 
.0718 
.1000 


After twelve minutes rest. 

* 

XTltimate 8trength=72.870 pound* per square 
inch compression. 



Fracture began at end of plate at A. 

No. 458. 
Duplicate of USTo. 457. 

Distance from center of hole to end of plate, 1". 
Compression area, ".241 x ".625 = .151 square inch. 



Loads ap- 
plied. 


Elongation 
of nolo. 


Bemarks. 


Poundt. 

1,000 

5,000 

5,500 

6,000 

6,600 

7,000 

7,500 

8,000 

8,500 

9,000 

9,500 

10,000 

10,500 

11,000 

11,500 

11,860 


Inch. 

0. 

.0211 
.0232 
.0260 
.0288 
.0310 
.0340 
.0370 
.0408 
.0440 
.0490 
.0558 
.0620 
.0720 
.0840 
.0990 


Ultimate streneth=78,540 pounds per square 
inch compression. 



Fracture began at end of plate same as No. 457. 



TESTS OF IBON AND STEEL AND OTHER MATERIALS. 165 

No. 469. 




i v i 



Compression area, ".243 x ".625 =.152 square inch. 



Loads ap- 
plied. 


Elongation 
of nolo. 


Bemarks. 


Pounds. 

1,000 

5,000 

5,600 

8,000 

6,500 

7,000 

7,600 

8,000 

8,600 

9,000 

9,600 

10,000 

10,600 

11,000 

11,500 

12, 000 

12,500 

13,000 

13,440 


Inch. 

0. 

.0086 
.0102 
.0121 
.0140 
.0161 
.0186 
.0210 
.0235 
.0260 
.0300 
.0340 
.0395 
.0461 
.0530 
.0625 
.0728 
.0850 
.1040 


Ultimate strength = 88,420 pounds per square 
inch compression. 



Fracture began at end of plate and at sides of hole. 

No. 460. 
Duplicate of No. 459. 
Thickness of plate, ".243. 
Compression area, ".243 X ".625 = .152 square inch. 



Loads ap- 
plied. 


Elongation 
of hole. 


Remarks. 


Pounds. 


Inch. 




1,000 


0. 




6,000 


.0095 




6,000 


.0140 




7,000 


.0185 




7,600 


.0208 




8,000 


.0230 




8,500 


.0269 




9,000 


.0288 




9,500 


.0320 


• 


10,000 


.0375 




10,600 


.0420 




11,000 


.0490 




11,600 


.0570 


» 


12,000 


.0653 




12,500 


.0748 




13,000 


.0888 


Ultimate strength = 85,620 pounds per square 
inch compression. 
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No. 461. 




Z=C 



Compression area, ".244 x ".625 = .163 square inch. 



Loads ap- 
plied. 


Elongation 
of hole. 


RftmnrVg, 


Pound*. 


Inch. 




1,000 


o. 




6,000 


.0110 


 


6,000 


.0142 


• 


7,000 


.0170 




8,000 


.0208 




8,600 


.0280 




8,000 


.0252 




9,600 


.0280 




10,000 


.0310 




10,600 


.0840 




11,000 


.0880 




11,600 


.0410 




12,000 


.0470 




12,600 


.0615 




18,000 


.0575 




18,600 


.0640 




15,500 




Ultimate strength = 101,810 pounds per square 
itton compression. 


r 



Test discontinued soon as maximum load was passed. 
Fractures started at edge of plate, also at sides of punched hole. 



Duplicate of No. 461. 



No. 462. 




3=3 



Compression area ".245 x ".625 = .153 square inch. 



.1 
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Loads ap- Eloi 
plied. o 


ration 
Gale. 


Benwrks. 


Poundi. 


Mil. ' 




1,000 






5,000 


0175 




6,000 


osso 




b|om 


nm 




8,500 






9,000 






9,500 


ouss 




10,000 


03B0 






0428 




11,000 


0405 




11,600 


0502 










12,500 






'3,000 


0670 




T.1.0IKI 


0880 




14.500 


0938 




is! MO 

16,715 


:s 


Ultimate strength = 102,010 pounds per Bqnsre 
Such compression. 



Fractures developed as shown by sketch. 

Resistance of steel and iron plates to tearing out at rivet holes. 

i" STEEL PLATE, PLANED ENDS. 



1 i i -i -f 



—Xl hAa. 



Fractnres in plates having \%" punched holes, 
li" from center of hole to end of Plates A and B. 
1$" from center of hole to end of Plates C and 1). 



I OF IRON AND STEEL AND OTHER MATERIALS. 

i" STREL PLATE, PLANED ENDS. 



i" IRON PLATE, PLANED ENDS. 

Fractures iu plates having \$" punched holes. 
1J" from center of hole to end of Plates A and B. 
l|" from center of hole to end of Plates C and D. 

i' STEEL PLATE, PLANED END8. 



i" IRON PLATE, PLANED EN1 

Fractures in plates having |" drilled holes. 
1" from center of hole to end of plate. 



Diet! 
Drill! 



S. Ex. 1 face 



/ 



s 
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i" Weotjght-iroit Plate. 

(Shearing parallel to grain.) 

No. 300. 

FORM OF S 




Shearing area, ".5 x ".276x2 = .276 square inch. 

Ultimate strength, 7,728 pounds = 28,800 pounds per square inch. 



SPECIMEN AFTER FRACTURE. 



No. 301. 
Same form as No. 300. 

Shearing area, ".50 x ".278x2 = .278 square inch. 
Ultimate strength, 7,850 pounds = 28,240 pounds per square inch. 
Failed same manner as No. 300. 

No. 302. 

FORM OF SPECIMEN. 



->H 
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SPECIMEN AFTKtt FKACTUBK. 



Shearing area, ".98 x ".279 = .273 square inch. 

Ultimate strength, 6,900 pounds = 26,270 pounds per square inch. 

No. 303. 
Same form as No. 302. 

Shearing area, ".98 x " .276 = .270 square inch. 
Ultimate strength, 6,980 pounds = 26,390 pounds per square inch. 
Failed in the same manner as No. 302. 

i" Steel Platb. 

(Shearing parallel to direction of rolling.) 

No. 318. 

Original form of specimen same as No. 300. 

SPECIMEN AITEK FRACTUKR. 



Shearing area, ".50 x ".245 x 2 = .245 square inch. 

Ultimate strength, 9,450 pounds = 38;570 pounds per square inch. 

No. 319. 

1" steel, same form as No. 318. 

Shearing area, ".50 x ".249x2 = .249 square inch. 

Ultimate strength, 10,120 pounds = 40,640 pounds per square inch. 

Tore out evenly at each shearing line. 
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No. 320. 
i" Steel Plate. 
Original form of specimen same as No. 302. 



Shearing area, 1" x ".265 = .256 square inch. 
Ultimate strength, 9,200 pounds = 36,080 pounds per square inch. 
Failed by shearing from bottom of groove to bottom of groove, one 
line of shearing. 

Details op Riveted Joints — Friction of Rivets. 

Experiment to determine the force necessary to slip a joint or plates held 
together by the friction of the rivet only. 



3te« 


WrsugTU -iron 


"{I* SMI. 








*■&•» Wlrvn riven "£ itrUUii 


I 1 I 


© 
*"Mte 


@t 





Gauge measures elongations in 10" section, including the joist. The 
|" bolt used to hold washer in place while riveting removed before the 



Thickness of steel plates, ".31 each ; width, about 3". 

Thickness of washer ".50. 

Length of rivet under heads, 1".12. 



I L< ^d* p ' 


1 Elongation. 


^ 


! Pound*. 
3.000 

t'.wt 

| .1,500 


Inek. 

'OOOH 

. - ww 

.0020 

.Mm 


Slipping began at B,4W poniida. 
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No. 463. 



Maximum resistance, 5,980 pounds a load, which was reached and 
held momentarily. 

It seems quite probable that the available resistance offered by the 
friction of the rivet was 5,400 pounds. 

The joint was found oily after shearing the rivet. 

Rivet sheared between steel plates at about 14,000 pounds. 

No. 464. 

Thickness of steel plates, ".30 each. 
Thickness of washer, ".50. 
Total length of rivet under heads, 1".10. 
Shearing area of rivet, .371 square inch. 



> Loads ap- 
! plied. 



Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
5,500 
5,950 
64,000 
15,650 



Elongation. 



Remarks. 



Inch. 
0. 

.0005 
.0008 
.0016 
.0019 
.0024 
.0098 



Rapid slipping . 
Maxim am load reached. 
Shearing strength of rivet=42, 180 
pounds per square inch. 



Joint oily. Sheared the rivet between steel plates and started off 
rivet head slightly. Hole in lower steel plate elongated about ".01. 

No. 465. 

Thickness of steel plates, ".30, ".28 ; thickness of washer, 1". 
Length of rivet under heads, 1".58. 



t ! 

! Loads ap- ! 
plied. ! 


Elongation. 


Remarks. [ 


i 
Pounds. 


Inch. 


• 


i 1, 000 


0. 




2, 000 


.0002 




3,000 


.0007 




4, 000 


.0011 




1 c I 
4, 800 J 


.0012 
.0034 


Sudden slip. This load considered the limit of 
friction between the plates. Unaffected by 


5,000 


.0052 


1 5,500 


.0083 


cutting of the surface in contact. 


i 6,000 


.0100 




j 6,500 


.0112 




! 7, 000 


.0128 




| 7,480 


.0162 


Rapid slipping takes place. 


! 8,000 


.0661 




! 8,500 


.1112 




! 9,000 


.1522 


i 


i 10,000 


.2032 




1 11, 000 


.2134 




12,000 


.2282 




13,000 


.2472 


: 


15,900 

\ 

i 




j Ultimate strength of rivet =42, 830 pounds per 




square inch. 



« 

The peculiar behavior of the above specimen thought to be due to a 
burr on the upper plate cutting the under plate, which would increase 
the resistance after first slipping took place. 
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No. 466. 

Thickness of steel plate, ".30 each; thickness of washer, 1". 
Length of rivet, 1".60. 



Loads ap- 
plied. 


Elongation. 


Bemarks. 


Pounds. 
1,000 
2,000 
3,000 
4,000 
5,000 
5,600 
6,000 
7,000 
8,000 
8,500 
8,900 
18,800 


Inch. 

0. 
.0002 
.0008 
.0016 
.0038 
.0068 
.0115 
.0810 
.0810 
.1690 


• 

This load considered sufficient to overcome the 
friction caused by the rivet when unaffected 
by the cutting ox the surfaces in contact. 

Maximum resistance due to friction of rivet. 
Ultimate shearing strength of rivet = 87,180 
pounds per square inoh. 







Plates cnt same as in experiment No. 465. 



Friction of rivets. 

No. 248. 
f " Ieon Plate. 



x 



*1 



1 




O Vi 






> \V* 



x •*-•£' 




*»-. 







f Five W" iron rivets. 

| Five f " drilled holes, with clearance front of rivets in npper plate. 

This specimen made np of plates in test F • • clamped with 20" ex- 
posure between holder faces; corners of holes rounded about ".05. 

Shearing area of five rivets (f " diameter), 2.21 square inches. 
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Loads ap- 
plied. 


Elongation in 
10 inches. 


Permanent 
set. 


• 
Remarks. 


Pounds. 

5,000 
10,000 
15,000 
20,000 
25,000 
27,000 
28,000 
29,000 
80,000 

5,000 
31,000 

82.000 
85,000 
40,000 
45,000 
M.00Q 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
85,000 
90,000 
92,000 


Inch, 

0. 

.0008 
.0018 
. 0080 
.0050 
.0068 
.0075 
.0090 
.0108 


Inch. 


Bapid slipping began wkn load 
passed 31,000 pounds. Tne re- 
sfcrtanee i» supping oosrtlnued 
about 30,000 pounds, till total 
slip was ".15. 

Friction per rivet, "f««**6,200 
pounds. 

> 

Shearing strength of rivets, 
41,630 pounds per square inch. 

intimate strength. Sheared rivets. 


















.0058 


.0130 

:8 

.26 
.82 
.35 
.86 
.38 
.40 
.41 
.45 
.47 
.54 
.65 


























* 



Under plate cut vicinity of rivet holes by upper plate slipping over it. 



§" Steel Plate. 



s 



* 



* 







'■J* 



^rtOSw^wOtot 



ssssswsgsss 



clecurcuice. 



^ steel. zDcrihm* 



&?$SZiZ>!Wi 



Five W iron rivets ; £" drilled holes. 

Clearance given rivets in upper plates. 

Corners of rivet holes rounded about ".05. 

Shearing area five rivets (f " diameter), 2.21 square inches. 
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Loada an- 


Blong&tion in 
10 inches. 


Remarka. 


P iieX p 


Pound*. 


Inch. 




5,000 


0. 




10,000 


.0010 




12,000 


.0115 


• 


14,000 


.0020 


• 


16,000 


.0022 


• 


18,000 


.0028 




20,000 


.0080 




22,000 


.0035 




24,000 


.0041 


• 


26,000 


.0048 




28,000 


.0065 




80,000 


.0100 




81,000 


.0121 


Slipping oon tinned, the raaiatanea 
failing to 28,000 pounds. 


81,600 


.180 


32,000 


.184 


• 


88,000 


.19 


Friction per rivat, «f«» = 6,266 


84,000 


.22 


poonda. 


35,000 


.23 




40,000 


.32 




45,000 


.36 




50,000 


.875 




55,000 


.385 




60,000 


.40 




65,000 


.425 




70,000 


.445 




75,000 


. .47 




$38 


.0 
.54 




88,000 




Ultimate strength. Sheared riveta.' 



Shearing strength of rivets = 39,820 pounds per square inch. 



tfo. 250. 



£" Ibon Plate. 



t 


©> 


t ) 


1 a 

1 M 


@> 


3 ) 


* 


© 




/ * 

9> 


@) 


% / 

• m 

t 


i 


© 


1 ( 



//. 



_______ 2 70 



*i"z; 



r 



iron. 



///A\wsy///////j 



".201 






Clearance. 



Five £" iron rivets ; drilled holes /7 .69 diameter. 

Corners of rivet holes rounded about ".05. 

Shearing area of rivets (5 = ".69 diameter), 1.87 square inches. 
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Loads ap- 
plied. 


Elongation in 
10 mokes. 


Permanent 
set. 


Bemarks. 


Pounds, 

5,000 

10,000 

12,000 

14,000 

« 15, 000 
18,000 
20,000 
21,000 
22,000 

•23,000 
24,000 
25,000 
5,000 
20,000 
27,000 
28,000 
29,000 
80,000 
35,000 
40,000 
45,000 
60,000 
00,000 
70,900 


Inch, 
0. 

.0015 
.0020 
.0025 
.0032 
.0040 
.0050 
.0058 
.0005 
.0070 
.0080 
.0092 


Inch. 


Friction per rivet, ■*f M = 5,200 
pounds. 

Sheared rivets. 
























.0045 


.0110 

.1230 

.1200 

.1410 

.1520 

.220 

.25 

.29 

.32 

.37 




















- 





Shearing strength of rivets = 37,914 pounds per square inch. 



No. 251. 



£" Steel Plate. 



* 




AW.yO \WWVW 



• %"steelivaaher. 

i 






t ss//?////yss///y///ysy///s/s//s//s///yss//s/s/jVss/////S'//s/////////'-ss. /. 



Clearance* 



& 



Five §" iron rivets (Burden's) ; drilled holes, ".69 diameter. 
Eivet holes rounded about ".05. 
Shearing area of rivets, 1.87 square inches. 
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Loads ap- 
{ plied. 


Elongation in 
10 inches. 

Inoh. 
0. 

.0010 
.0018 
.0028 
.0032 

.0032 
.0040 
.0050 


Permanent 
set. 


Remarks. 


j Pounds. 
5,000 


Inch. 




10,000 
12,000 
14,000 
16,000 
5,000 
16,000 
18,000 
20, 000 
: 5, 000 
21, 000 














0.0008 




.0020 




.0058 

.0062 

.0070 

.0078 

.0082 

.0090 

.0100 

.0128 

.0132 

.0162 

.0640 

.0710 

.0935 

.0990 

.1660 

.172 

.182 

.260 

.295 

.325 

.380 




22,000 
23,000 
24,000 














i 26, 000 






26, 000 
! 27, 000 




aifAPs 5,400 pounds sadden slip. 


1 28,000 






29, 000 
80,000 
81,000 
32,000 
33,000 
34,000 
35,000 
36,000 
87,000 
40,000 
45,000 
50,000 
60,000 
72,700 




Friction per rivet, **fr«* as 6,000 
pounds. 

Sheared the rivets. 



























Shearing strength of rivets, 38,880 pounds per square inch. 



No. 636. 



§" Iron Plate. 



FRICTION OF RIVETS. 




* 





I 



/////////////////////// wmmmmmmmmmmmmmmm '//'///, n k ' v////xv/,y////////////////yM^ 



*•" Clearance Jrnmt of -rivet*. 

Five £" iron rivets ; drilled holes, ".81 diameter. 
S. Ex. 1 12 
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Loads ap- 
plied. 


Slongation in 
lOfnches. 


Remarks. 


Pounds. 


Inch. 




5,000 


0. 




10,000 


0. 




15,000 


.0005 




20,000 


.0008 




25,000 


0010 




80,000 


.0018 




33,000 


.0020 




85,000 


.0022 




38,000 


.0028 




40,000 


.0080 




42,000 


.0082 




44,000 


.0038 




40,000 


.0040 




48,000 


.0048 




50,000 


.0008 




12,600 


.8419 


Sudden slip of plates. 



10,400 pounds Motion per rivet 



No. 637. 
i" Iron Plate. 



FRICTION OP RIVETS. 



1 







1 






i 






w 



nee it* -ft-ant afjnvefr. 



Five \$" iron rivets ; drilled holes, |" diameter. 



Loads ap- 
plied. 


Elongation in 
10 inches. 


Remarks. 


•»•» — -*- 

5,000 
10,000 
20,000 
30,000 
S8.J86 


J***. 

0. 

0. 

.0008 
.0020 
.$» 


Bipid slipping of plates. 



7,600 pounds friction per rivet. 
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SHEARING OF STEEL RIVETS. 






v 




Steel. 



« 



o 






So. 467. 
First Rivet. 

W steel rivet. (Kind of steel not known.) 
Punched holes : Punch, ".753 diameter ; die, ".774 diameter. 
Shearing area of rivet. .45 square inch. 

intimate shearing strength, 25,750 pounds = 57,220 pounds per 
square inch. 

JTo. 468. 

Second Rivet. 
Ultimate shearing strength, 26,490 = 58,870 pounds per square inch. 



ANALYSIS OF IBOF, STJ&EIi, ETC. 

[Made by Capt. John Pitman, Ordnance Department.] 
10" RODMAN GUNS, No*. 8*2 and 868. 



Silicon 

Phoinhanii 

Sulpfeur .... 

MttBgNlMe. 

Copper 

Cobalt 



Nickel 

Combined carbon 

Graphite 

Total carbon 



No. 802. 



Percent 
1.766 
4). 144 
JO. 109 
6.500 
0.084 
0.016 
0.010 

o.m 

2.482 
2.991 



No. 868. 



Difference. 



Percent 
1.760 
A130 
0.098 
0.488 
0.086 
0.008 
0.016 
0.697 
2.180 
2.827 



Percent. 
a 015 
0.014 
a 011 
0.067 
0.002 
0.008 
0.005 
0. 188 
0.802 
0.164 



STEEL FfcATES USED FOB EXPERIMENTS ON RIVETED JOINTS. 





$> tteel. 


f" steel. 


4/' steel. 




Percent. 
.0. 115 

• 


Percent 
0.126 


Percent 
0.180 
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STEEL BABS. 
[Supposed to be alike.] 



No.l 
No. 2 
No. 3 
No. 4 
No. 5 
No. 6 
No. 7 
No. 8 
No. 9 



1 

1 

Carbon. 

i 0. 173 


Duplicate 


Carbon. 


1 
Tensile 
strength per 
square inch. 


0.187 
0.094 
0.565 
0.188 
0.210 
0.129 
0.188 
0.208 


Pounda. 
60,445 
60,185 1 


0.087 


.... do 


0.558 


do 


74, 896+ i 


' 0. 180 


... do 


63,230 
62,640 
59, 730 
66,069 
59,545 
59,760 


i 0.284 


...do 


0. 128 
0. 174 


do 

do 


0.198 


.... do .............. 


1 0. 172 




1 







BBONZE, ETC. 



Hub from cavalry 
forge wheel 

Alloy from Bock 
Island 

Brazing Wood- 
bridge gun 

Trunnion Wood- 
bridge gun 

Crab obelisk 


i 

Copper. . i 


•si ! 

Per j 
cent. I 

i 

0.157 , 


-S 

Per 
eent. 

3.56 

0.020 


•ON 

H 

Per 
cent. 

9.94 

0.438 


l. 

Per 
cent. 

0.040 

0.150 


• 

§ 
1 

Per 

cent. 


o 

'S 

e 


■8 


4 
1 


& 

1 


Per 
eent. 

86.35 

0.175 

58.85 

3.53 
91.08 


Per 

cent. 


Per 
cent. 

0.130 

93.000 


Per 
eent. 

0.010 

0.052 


Per 
eent. 

Trace. 




5.905 


0.041 


i 






92.64 
0.09 
















8.33 












i 















Tensile test of wrought iron used in spliced specimens Nos. 607, 608, 609, 

and 6L0. 

FORM OF TENSILE SPECIMENS. 



* 



r. 



y 






JO/ 



:rv 



o 


i 

% 
ft 


Size of specimen. 




 . 








•° s 


O <D 






a* 




Thick- 


Width. 





08 


ness. 




fe 


a 




Inch. 




Inch. 


605 


C 


.388 


1. 5( 


606 


B 


.373 


1.503 



Sectional 
area. 



Squareineh. 
.5820 
.5606 



Elastic limit. 



Actual 
pounds. 



20,200 
18,050 



Pounds per 
square inch. 



34, 708 
32,200 



Ultimate strength. 



Actual 
pounds. 



28,500 
24, 100 



Pounda per 
square inch. 



48,970 
42,990 



Number 
of test. 



605 
606 



Elonga- 
tion in 10 
inches. 



Percent 
10.5 
6.9 



Uniform 
elonga- 
tion. 



Percent. 
9 
6 



Area at fracture. 



Square inch. 
. 84 X 1. 4J=. 4998 
. 34 X L 44=. 4896 



Contrac- 
tion of 
area. 



Percent. 
14.1 
12.7 



Appearance of 
fracture. 



Fibrous lamellar. 
Do. 
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No. 607. 



Tensile test o/f" x 10" wrought-iron spliced plates. 

Jheu&ure. ^ 




30." 



dOOO 0;0 OOOD 

i 

oo o di.D o oo b 



O f 



o i 



o 



o 






I 



*8 



^=^ 



f\r\r\r\r\r^r>ir\r\ r\\r\ 



A > ^ m* ^ ^ w ^ w ^-^^ w y A v w w 

If" iron rivets, "Burden's best." 

i" drilled holes. 

No. 607. 



£1 



Gross sectional area of two spliced plates ".78 x 10"=7.8 square inches. 

Net sectional area of two spliced plates, ".78 x 8".25 = 6.44 square 
inches. 

Under load of 80,000 pounds, joint A of under spliced plate opened 
perceptibly. 

While sustaining 150,000 pounds a straight edge 24" long was placed 
on the welt and deflection of ".13 at middle found, plates being concave 
on the side of the welt at 170,000 pounds tension. Joint A had opened 
from ".03 to ".04. At this load scale had started on rivet-heads B on 
sides towards middle of specimen. A load of 210,000 pounds was applied 
and then reduced to zero load, leaving a permanent deflection of ".20 
at middle, as measured from a 24" straight edge. 

Ultimate strength of plates, 258,500 pounds, fracturing specimen at 
end rivet in welt on one side and at first rivet beyond welt on the other 
side of the plates. 

Fracture fibrous lamellar. 

Maximum strain on joint. 

Pounds per aq. inch 

Tensile strain on gross section of plates .. 33, 141 

Tensile strain on net section of plates 40, 140 

No. 608. 
Duplicate of No. 607. 

Gross sectional area of spliced plates, ".76x10" =7.6 square inches. 
Net sectional area of spliced plates, ".76x8".25=6.27 square inches. 



Loads ap- 
plied. 



Pounds. 
50,000 
100,000 
150,000 
200,000 


250,000 
279,100 



Remarks. 



Deflection at middle, 
Deflection at middle, 
Deflection at middle, 
Deflection at middle, 
Deflection at middle, 
Deflection at middle, 
Ultimate strength. 



".03, measured 
".07, measured 
'Ml, measured 
".17, measured 
".11, measured 
"..21, measured 



from 24" 
from 24" 
from 24" 
from 24" 
from 24" 
from 24" 



straight edge, 
straight edge, 
straight edge, 
straight edge, 
straight edge, 
straight edge. 



1&2 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Fractured the continuous plate and the welt at the middle of the 
specimen at the first rivets from joint. 



Jraciure 



&o o o 



« - 




o o o o o 



o&o o o go o o o o 



r\ r\ r\ r^ q n ^ ^ ^ ^ ; 



welt rao thick. 



a 



s3r 



\J \J \J \J \J \J \J \J \J \J ~ ?37 
x 3"* 

Maximum loads on joint. 

Pound* per tq. iitoh. 

Tensile strain on gross section of plates 36, 724 

Tensile strain on net section of plates 44,514 



No. 009. 



ffacture < 60 






O 



o 




o o 



OOOOOOOOOOlDOOOOOOOOO 

3" 3 1 ] V 

QOOQOQQQOO}6oOOOOOOOO[0 Q 



r-m** 







80 " 



T 7 



uuuuuuuuuu 



> 



Nominal thickness of plates, §". 

8" iron rivets, " Burden's best"; $" drilled holes, 
ross sectional area of spliced plates, ".73x10" = 7.3 square inches. 
Net sectional area of spliced plates, ".73x8".25 =6.02 square inches. 



Loads ap 
plied. 



Pound*. 
50,000 
100,000 
150,000 
200,000 
240,000 
2M,800 



Remarks. 



Deflection at middle, ".02, 
Deflection at middle, ".04, 
Deflection at middle, ".06, 
Deflection at middle, ".07, 
Deflection at middle, ".06, 
Ultimate strength. 



measured from 24" straight edge, 
measured from 24" straight edge, 
measured from 24" straight edge, 
measured from 24" straight edge, 
measured from 24" straight edge. 



Fractured plate in the same manner as No. 607 ; failed. 

Plates began to tear at rivet holes after the joint A was open ".20, the 
result of the distortion of the joint and the stretch of the welt and con- 
tinuous plate for the section between rivets B and O. 

Maximum loads on joint. 

Pounds per sq. inch. 

Tensile strain on gross section of plates 34,900 

Tensile strain on net section of plates 42,325 
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No. 610. 
Duplicate of No. 609. 

Gross sectional area of spliced plates, ".81 x 10" 
Net sectional area of spliced plates, ".81x8". 25 : 



= 8.1 square inches. 
6.68 square inches* 



Loads ap- 
plied. 



Pounds. 
50,000 
100,000 
150,000 
200,000 
240,000 
273,200 



Remarks. 



Deflection at middle, ".02, measured from 24" straight edge. 
Deflection at middle, ".04, measured from 24" straight edge. 
Deflection at middle, ".05, measured from 24" straight edge. 
Deflection at middle, ".08, measured from 24" straight edge. 
Deflection at middle, ".10, measured from 24" straight edge. 
Ultimate strength. 



Fractured continuous plate and welt at middle of specimen at first 
rivets from joint. 



JoooocJ)!ooooo J< 
jooooQiooooo jj g 



nnnoonnnnn 




iS 



Maximum loads on joint. 

Pounds per sq. inch 

Tensile strain on gross section of plates 33, 728 

Tensile strain on net section of plates 40, 898 

Tensile tests of old boiler joints. 

f" Wrought Iron Plate. 

Specimens taken from the cylindrical part of a locomotive boiler which 
had been in service twenty-four years. 
Diameter of shell, 52". 

Steam pressure carried, 130 pounds per square inch. 
Tensile test-piece No. ,80 cut out crosswise the grain. 
Joints Nos. 89, 90, and 91 tested lengthwise the grain of the iron. 

No. 80. 

Sectional area, 1".500 x ".385 = .577 square inch. 

Elastic limit, 13,600 pounds = 23,570 pounds per square inch. 

Ultimate strength, 26,200 pounds = 45,410 pounds per square inch. 

Elongation, 1".34 in 10" = 13.4 per cent. 

Uniform elongation, 10 per cent. 

Area at fracture, 1".37 x ".32 = .438 square inch. 

Contraction of area, 24.1 per cent. 

Appearance of fracture fibrous, with marked lamination. 
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No. 89. 

Old Boiler Plate Joint, §" Wrought Iron. 



T 



•9 

5 



« 



T 



Jfc 

■8 



£0 

Gr oo vi ng about /* &oop. 




yllron, r^LvetM. 



ITand, driven. 



PujvchedL holes. 



The curve of the joint (conforming to the curvature of the shell of the 
boiler, 52" diameter) was not straightened before placing in the testing 
machine. At 10,000 pounds tension the plate had straightened so as 
to open the crack where grooving had taken place. This crack did not 
appear before placing the specimen in the machine, as it followed the 
edge of the overlapping plate in part, and for part of its course was 
covered by the overlapping plate. As strains were increased this crack 
gradually opened. At 59,700 pounds tensiou snapping sounds were 
heard, which were heard frequently till the ultimate strength was de- 
termined. 

Ultimate strength, 84,300 pounds. 

Fracture occurred along the line where grooving had taken place, a 
distance of 10", then turning in its course slightly and tearing through 
the end rivet hole. Appearance of fracture dull, fibrous, and fine gran- 
ular. The minimum thickness of metal at bottom of grooving was about 
".06. The average thickness about ".09 for 10" length. 

The area of fractured plate probably about 1.6 square inches. 

The pull exerted by the machine tending to straighten the joint may 
have caused a more unfavorable effect on the plate and caused earlier 
ailure than would have been the case when the plate was in the boiler, 
he plate fracturing under the combined tensile and bending strains. 
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NO. 90. 

Old Boeler Plate Joint, §" Wrought Ibon. 




lynched, kales. 



Snapping sound heard at 56,000 pounds tension. 

Ultimate strength, 83,500 pounds. Sheared rivets. 

This joint was cleaned and carefully examined before the test was 
made to detect evidence of grooving, if any had taken place. 

The inspection did not reveal any cracks from grooving. When, 
however, a tensile strain of 50,000 pounds had been reached, the groov- 
ing cracks appeared. 

After having sheared the rivets in the first test of this joint, the 
grooved plate was placed in the testing machine and strains applied so 
as to fracture the plate through the grooving. This was accomplished 
by a tensile strain of 206,500 pounds. 

The grooving had extended to an average depth of ".07. The appear- 
ance of the fractured metal was fibrous, with very marked lamination. 

The head of a rivet was fractured, showing a granular appearance. 



1*6 



OF IBOK AND STEEL AtfD OTHBB MATERIALS. 



No. 91. 

Old Boiler Plate. 



T 



.1 



i_ 




T 






1 




Before placing this joint in the testing machine it was cleaned and 
carefully inspected, and by means of a scratch-awl grooving was detected 
in three places, having an aggregate length of 4f ". An opinion at this 
time could not be formed as to the depth of the grooving. The cracks 
could not be followed with the point of the awl beyond the distance of 
4f". 

When a tensile strain was applied and the joint began to straighten, 
the grooving opened a length of 12". Ultimate strength of joint, 84,200 
pounds. Sheared live rivets and tore the plate along the line of groov- 
ing 6", and through a rivet hole to the end of the lap. Maximum depth 
of grooving, ".28. 

From the fact that more than half the length of the grooving could 
not be seen before the test was made, it would appear very probable 
that cases of grooving exist that are wholly covered by the overlapping 
plate, and its presence even after a careful examination of the boiler is 
unsuspected. 

The plate fractured with a fibrous appearance, slightly granular. 




Appeavanoe of fractured plate, Joint No. 91. 
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Tensile tests of single and double refined wrought iron. 

Bound Bars. 

(Single refined bars from the Passaic Boiling Mill Company, Patter- 
son, N. J.) 

[form of specimens.] 



t=na 




No. 593. 
Mark on bar, S. 18. 
Diameter, 2".01. 

Sectional area, 3.17 square inches. 
Ganged length, 80". 



Loads ap- 
plied. 



Pounds. 

3,170 

15,850 

31,700 



47,550 
63,400 



65,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
. 75,000 
76,000 
77,000 
78, 000 
79,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
68,000 
90,000 
92,000 
95,100 
110, 950 
126,800 
142,650 
154,400 



157,500 





Pounds per ! m,™ »««,«. 

onnar A innh i Elongation. 



square inch. 



1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



24,600 



30,000 
35,000 
40,000 
45,000 





49,680 





Inch. 
0. 

.0127 
.0275 



.0425 
.0572 



.0600 

.0608 

.0618 

.0628 

.0637 

.0650 

.0659 

.0669 

.0679 

.0690 

.0699 

.0710 

.0721 

.0733 

.0748 

.0780 

.0797 

,0815 

.0829 

.0850 

.0874 

.0925 

.0945 

.0968 

.1015 

.650 

.90 

2.12 

3.82 

6.84 
12.00 



Permanent 
set. 



15.20 
15.58 



Inch* 



0. 



0. 



Remarks. 



Elastic limit. 



Sustained load 5 minutes. 



Elongation of 10" sections: ".81, 
".86, ".89, ".88, ".88, ".89, ".89, 
".87. 

Bested 5 minutes. 

Ultimate strength. 

= 19.5 per cent. 



Elongation of 10" sections : 1".67 (2".45 at fracture), 1".92, 1".90, 
1".89, 1".96, 1".95, 1".90. 
Diameter at fracture, 1".66; area, 2.16 square inches. 
Contraction of area, 32 per cent. 
Fracture fibrous, slightly granular. 
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No. 594. 

Mark on bar, S 19. 

Diameter, 2 // .01. 

Sectional area, 3.17 square inches. 

Gauged length, 80". 



Loads ap- 
plied. 



Pounds. 
3,170 
15,850 
31, 700 



47,556 
63,400 



65,000 
66,000 
67,000 
66,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
79,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89, 000 
90,000 
95,100 
110, 950 
126, 800 
142, 650 

156,400 




Pounds per 
square inch. 



1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



25,870 



80,000 
35,000 
40,000 
45,000 

49,338 




Elongation. 



Inch. 
0. 

.0120 
.0260 



.0406 
.0546 



.0555 
.0563 
.0572 
.0581 
.0590 
.0600 
.0610 
.0620 
.0630 
.0640 
.0650 
.0661 
.0671 
.0681 
.0694 
.0705 
.0716 
.0729 
.0745 
.0758 
.0777 
.0796 
.0813 
.0835 
.0867 
.185 

1.00 

2.29 

4.06 

7.00 



14.66 



Permanent 
set. 



Inch. 



0. 

"l^'bobe" 



Remarks. 



Elastic limit 



Sustained load 5 m inn tea; 
stretching still going on. 

Elongation of 10" sections: 
".88, ".89, ".90, ".90, ".88, ".89, 
".89, ".85. 

Ultimate strength. 

= 18. 3 per cent. 



Elongation of 10" sections: 1".65, 1".72, 1".70, 1".69, 1".81, 1".90 
(2".50 at fracture), 1".70. 
Diameter at fracture, 1".58; area, 1.96 square inches. 
Contraction of area, 38 per cent. 
Fracture, fibrous. 
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No. 595. 
Mark on bar, S 20. 

Diameter, 2".01; sectional area, 3.17 square inches. 
Gauged length, 80". 



Loads ap- 
plied. 



Poundt. 

3,170 

15, 850 

31, 700 



47,550 
83,400 



65,000 
66, 000 
67,000 
68,000 
69, 000 
70,000 
71,000 
72,000 
73,000 
74, 000 
76, 000 
76, 000 
77,000 
78, 000 
79, 000 
80, 000 
81, 000 
82, 000 
83,000 
84,000 
85,000 
86, 000 
87,000 
88,000 
89, 000 
95, 100 
110, 950 
126, 800 
142,650 

154,900 




Pounds per 
square inch. 



1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



24,920 



30,000 
35,000 
40, 000 
45,000 

48,864 




Elongation. 



Inch. 
0. 

.0120 
.0270 



.0424 
.0577 



.0597 
.0605 
.0618 
.06-J9 
.0639 
.0650 
.0660 
.0670 
.0681 
.0696 
.0708 
.0724 
.0735 
.0748 
.0760 
.0775 
.0788 
.0805 
.0820 
.0834 
.0850 
.0868 
.0889 
.0938 
.205 

1.00 

2.25 

4.10 

7.30 



14.69 



Permanent 

set. 



Inch. 



— . 0005 

"".ooii" 



Bemarks. 



Elastic limit. 



Yielding continues. 



Elongation of 10" sections: 
".87, ".93, ".92, ".93, ".92, ".91, 
".91, ".90. 

Ultimate strength. 

= 18. 4 per cent. 



Elongation of 10" sections: 1".62 (2".34 at fracture), 1".75, 1".82, 
1".81, 1".81, 1".75, 1".79. 
Diameter at fracture, 1".59; area, 1.99 square inches. 
Contraction of area, 37 per cent. 
Appearance of fracture fibrous, with some cinder at center. 
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Double-Befinsb Wrought Iron. 

No. 59& 
Mark on bar, 8 218. 

Diameter, 2".01; sectional area, 3.17 square inches. 
Gauged length, 80". 



Loads ap- 
plied. 



Pounds. 

8,170 

15,850 

81,700 



47,550 
63,400 



65,000 
66,000 
67,000 
68,000 
60,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77,000 
78,000 
70,000 
80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
6P» 0JW 
00,060 
91,000 
02,000 
93,000 
94,000 
95,100 
119,950 
1*,<80O 
142,650 
158,600 



160,500 





Pounds per 
square inch. 



1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



24,610 



30,000 
35,000 
40,ftQ0 
45,000 

jb* 

50,631 




Elongation. 



Inch. 

0. 
.0119 



.0415 
.0559 



.0570 
.0580 
.0590 
.0600 
.0810 
.0620 
.0630 
.0640 
.0650 
.0660 
.0670 
.0680 
.0690 
.0703 
.0716 
.0729 
.0740 
.0751 
.0762 
.0777 
.0789 
.0805 
.0820 
.0833 
.0850 
.0865 
.0882 
.0902 
.0966 
.1650 
.47 

2.10 

3.13 

6.55 



16.35 



Permanent 
set. 



Inch. 



-.0009 

-."ooiB* 



Remarks. 



Elastic limit. 



fflhmgstkm of 10" tsestieitt: 

Rested 3 ininntfis. 
Ultimate strength. 
t=20U percent: 



Elongation of 10" sections: 1".90, 1".95, 2".19, 2".*8, 2".01, 2".09, 
1".97, 2".13. 

Diameter at fracture, 1".54; area, 1.86 square inches. 

Contraction of area, 41 per cent. 

Fracture fibrous ; broke outside 80" section, 2" from face of holder 
jaws. 
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No. 507. 
Mark on bar, S 219. 

Diameter, 2".01 ; sectional area, 3.17 aquare inches. 
Gauged length, 80". 



Loads ap- 
plied. 

i 


Pounds per 
square inch. 


Elongation. 


Permanent, 
set 


JRnjnnrks. 

Sustained load 5 minutes. 

Elongation of 10" sections : 
".76, "178, "78, ".79, "80, 
".78. 

Rested 3 minutes. 

Ultimate strength. 

=26.5 per cent. 





Pound*, i 
8, 170 i 
15,850 1 
81, 700 

47,550 ; 
63,400 ! 


1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 


Inch. 
0. 

.0124 
.0270 


Inek, 


* 




0. 


.0428 
.0566 




0. 


65,000 

66,000 

67,000 

68,000 

69,000 I 

70,000 

71,000 

72,000 

78,000 

74,000 

75,000 

76,000 

77,000 1 

78,000 

79,250 


.0580 
.0591 
.0600 
.0610 
.0620 
.0680 
.0640 
.0649 
.0660 
.0668 
.0675 
.0685 
.0695 
.0704 
.0718 


















".76, 
".79, 






























- 








25,000 
1,000 




.0095 


80,000 
81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 


.0728 
.0740 
.0750 
.0762 
.0774 
.0786 
.0798 
.0811 
.0824 
.0840 
.0852 
.0868 
.0886 
.0902 
.0918 
.0986 
.0968 
.*16* 
.97 

1.90 

3.60 

6.16 


























. • • •••••••••• 






90,000 

91,000 

92,000 

93,000 

94,000 

95,000 

96,000 

97,1090 

98,000 

110,950 

126,800 

142,650 














• 




















85,000 
40,000 
46,060 






I 160,500 





■0 

50,915 






 


161,400 







20.37 




i v 
i 





A^Kttt. 



Elongation of 10" aectJAft* : 2".19, 2".2«, 2"A§, 2".40 <2".95 at feat- 
ure), 2 // .90, 2".44, 2 ,/ .72. 
Diameter at fracture, 1".50 ; area, 1.77 sqnace ipcta*. 
Contraction of area, 44 per cent. 
Fracture fibrous, cup-shaped. 
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(Ho. 598. 

Mark on bar, S 220. 

Diameter, 2".01 ; sectional area, 3.17 square inches. 

Gauged length, 80". 



Loads ap- 
plied. 



Pounds. 

3,170 

15,850 

31,700 



47,550 
64,400 



85,000 
66,000 
67,000 
68,000 
69,000 
70,000 
71,000 
72,000 
73,000 
74,000 
75,000 
76,000 
77, 000 
78,000 
79,250 



80,000 

81,000 

82,000 

83,000 

84,000 

85,000 

86,000 

87,000 

88, 000 

89,000 

90,000 

91,000 

92, 000 

93, 000 

95,100 

110, 950 

126,800 

142, 650 

158, 000 


159, 150 
146, 000 





Pounds per 
square inch. 



1,000 

5,006 
10,000 

1,000 
16,000 
20, 000 

1,000 



25,000 
1,000 




50,205 



Elongation. 



Inch. 

0. 

.0120 
.0270 

' .*042i" 
.0570 



30,000 
35,000 
40,000 
45, 000 



.0588 
.0600 
.0610 
.0619 
.0629 
.0640 
.0650 
.0660 
.0670 
.0680 
.0690 
.0701 
.0714 
.0725 
.0738 



.0750 
.0702 
.0775 
.0790 
.0803 
.0820 
.0831 
.0848 
.0869 
.0890 
.0910 
.0948 
.134 
.400 
.90* 
2.10* 
3.80* 
6.65* 



19.00 



Permanent 
set. 



Inch. 



Remark*. 



.0003 



.0015 



.0047 



Elongation In 10" sections: ".81, 
".82, ".86, ".84, ".85, ".86, ".83, 
".82. 

Rested 3 minutes. 

Ultimate strength. 

At time of fracture. 

= 23.7 per cent. 



* About. 



Elongation of 10" sections: 2".10, 2".06, 2".21, 2".38, 2".39 (3".35 at 
fracture), 2".30, 2".13. 
Diameter at fracture, 1".50 5 area, 1.77 square inches. 
Contraction of area, 44 per cent. 
Fracture fibrous, cup-shaped. 
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Tensile tests of single and double refined. 
Wrought Iron, Bound Bars. 

[From the Elmira Iron and Steel Rolling Mill Company.] 



FORM OP SPECIMEN. 



o 



1 



I'M. 




SINGLE REFINED BARS. 
No. 599. 



Mark on bar, L 8. 

Diameter, 2".03 ; sectional area, 3.24 square inches. 

Gauged length, 80". 



Loads ap- 
plied. 



Pounds. 
3,240 
16, 200 
32, 400 

"48," 600* 
64,800 

"66,"6o6" 
67,000 
68,000 
69, 000 
70, 000 
71,000 
72, 000 
73,000 
74,000 
75,000 
76,000 
77, 000 
78, 000 
79, 000 
80,000 
81, 000 

"82,6oo" 

83,000 

84,000 

85,000 

86,000 

87,000 

88,000 

89,000 

90,000 

91,000 

92,000 

93,000 

94,000 

95,000 

96,000 

97,000 

98,000 

100,440 

113,400 

129,600 

145,800 

166, 600 



167,400 





Pounds per 
square inch. 



1,000 

5,000 
10, 000 

1,000 
15, 000 
20, 000 

1,000 



tj.»„„ „„«..„ : Permanent 
Elongation. -et 



Remarks. 



Inch. 
0. 

.0125 
.0270 



Inch. 



0. 



.0422 
. 05b5 



—.0009 





.0575 
.0585 
.0594 
.0604 
.0611 
.0621 
.0631 
.0640 
.0650 




























1 






• 







1 :* 


**• 




1 






1 


.0660 
.0670 
.0680 
.0690 
.0700 
.0711 
.0721 






1 












t 


















25, 000 
1,000 






— . 0002 




.0739 

.0750 

.0762 

.0775 

.0787 

.0801 

.0815 

.0831 

.0843 

.0859 

.0874 

.0890 

.0909' 

.0936 

.0970 

.1053 

.206 

.70 

1.50 

2.96 

5.35 














































































• 

Elongation of 10" 
".70, ".70, ".69, ".69, 
".68, ".66. 

Bested 3 minutes. 

Ultimate strength. 

= 22 per cent 




























si, o66 

35,000 
40,000 
45,000 












sections: 


• ••••••••••••a 


".69, ".68, 











51,667 











17.6 






i 
t 







Elongation of 10" sections: 2".38, 2".30, 2".19 (2".85 at fracture), 
!".15, 1".9(>, 1".96, 1".77. 
Diameter at fracture, 1".63 ; area, 2.09 square inches. 
Contraction of area, 36 per cent. 
Appearanee of fracture : Fibrous, 70 per cent. ; granular, 30 per cent. 



S. Ex. 1- 



13 
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No. 600. 
Mark on bar, L 9. 

Diameter, 2".02; sectional area, 3.20 square inches. 
Gauged length, 80". 




Pounds. 

3,200 

16,000 

32,000 



48, 000 
64,000 



66, 000 
68, 000 
70, 00D 
72, 000 

74, 000 

75, 000 

76, 000 

77, 000 

78, 000 
79, 000 
80,000 



81, 000 
82, 000 
83,000 
84,000 
85, 000 
86, 000 
87, 000 
88, 000 
89,000 
90,000 
91,000 
92, 000 
93,000 
94,000 
95, 000 
96,000 
97,000 
98,000 
102, 200 
112, 000 
128, 000 
144, 000 

162, 700 
 



Pounds per ^^^xi m 
square inch. Elongation. 



1,000 

5,000 
10,000 

1,000 
15,000 
20, 000 

1,000 



25, 000 
1,000 



35,000 
40,000 
45,000 

50,844 




Inch. 
0. 

.0118 
.0265 



0420 
0572 



.0590 
.0610 
.0630 
.0650 
.0670 
.0682 
.0693 
.0703 
.0715 
.0727 
.0740 



.0751 

.0765 

.0780 

.0790 

.0801 

.0815 

.0829 

.0843 

.0857 

.0873 

.0890 

.0910 

.0928 

.0950 

.0970 

.0995 

.1034 

.465 

.85 

1.45 

3.00 

5.35 



13.0 



Permanent 
set. 



Inch. 



Remarks. 



0. 
'-."0062" 



0024 



Elongations of 10" sections: 
".66, ".67, ".68, ".68, ".70, ".66, 
".65, ".67. 

Ultimate strength. 

= 16.3 per cent. 



Elongations of 10" sections: 1".55, 1".60 (1".82 at fracture), 1".68, 
1".60, 1".56, 1".55, 1".54. 
Diameter at fracture, 1".78; area, 2.51 square inches. 
Contraction of area, 22 per cent. 
Appearance of fracture: Fibrous, 15 per cent.; granular, 85 per cent. 
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No. 601. 

Mark on bar, L 10. 

Diameter, 2".02; sectional area, 3.20 square inches. 

Gauged length, 80". 



Loads ap- 
plied. 



Pounds. 

3,200 

16,000 

32,000 



48, 000 
64,000 



66,000 
68, 000 
70, 000 
72, 000 
74, 000 
75, 000 
76, 000 
77,000 
78, 000 
79, 000 
80,000 



81, 000 

82, 000 

83, 000 

84,000 

85,000 

86,000 

87, 000 

88,000 

89, 000 

90, 000 

91, 000 

92, 000 

93,000 

94, 000 

95, 000 

96,000 

!97, 000 

98, 000 

99, 000 

100, 000 

112, 000 

128, 000 

144, 000 

169, 500 


169, 800 
152, 000 





Pounds per 
square inch. 



1,000 

5,000 
10,000 

1,000 
15, 000 
20,000 

1,000 



35, 000 
1,000 



35, 000 
40,000 
45, 000 




53, 062 



Elongation. 



Inch. 
0. 

.0125 
.0270 



.0421 
.0569 



.0586 
.0606 
.0621 
.0644 
.0660 
.0669 
.0680 
.0689 
.0700 
.0709 
.0719 



.0730 
.0736 
.0746 
.0757 
.0767 
.0780 
.0790 
.0800 
.0811 
.0824 
.0837 
.0854 
.0865 
.0881 
.0900 
.0916 
.0931 
.0950 
.0971 
.122 

1.20 

2.47 

4.55 



Permanent 
set. 



16.80 



Inch. 



Remarks. 



.0005 



.0005 



0007 



Elongations of 10" sections: 
".55, ".56, ".56, ".59, ".58, ".59, 
".59, ".59. 

Bested 3 minutes. 

Ultimate strength at time of 
fracture. 

= 21 per cent. 



Elongation of 10" sections : 1".73, 1".89, 1".90, 2".12, 2".15, 2".58, 
2".30, 2".10. 
Diameter at fracture, 1".56; area, 1.91 square inches. 
Contraction of area, 40 per cent. 

Appearance of fracture: Fibrous, 95 per cent.; granular, 5 per cent. 
Broke outside 80" section, 6" from face of holder jaws. 
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Double Refined Wrought Iron Bars. 

No. 602. 
Mark on bar, L 208. 

Diameter, 2".02; sectional area, 3.20 square inches. 
Gauged length, 80". 



Loads ap- 
plied. 



Pounds. 

3,20t 

16, 000 

32,000 



48,000 
64,000 



66,000 
68,000 
70, 000 
72, 000 
74, 000 
75, 000 
76, 000 
77, 000 
78, 000 
79, 000 
80, 000 



81, 000 

82, 000 
83,000 
84, 000 
85, 000 
86,000 
87,000 
88,000 
89, 000 
90, 000 
91,000 
92, 000 
93,000 
94,000 
95, 000 

112, 000 
128, 000 
144,000 
160,000 


160, 500 





Pounds per 
sqaare inch. 



1,000 

5,000 
10, 000 

1,000 
15, 000 
20, 000 

1,000 



25, 000 
1,000 



35,000 
40,000 
45,000 





50,156 





Elongation. 



Inch. 
0. 

.0120 
.0271 



.0421 
.0571 



.0590 
.0610 
.0629 
.0650 
.0670 
.0680 
.0690 
.0700 
.0710 
.0720 
.0730 



.0745 
.0756 
.0768 
.0780 
.0790 
.0801 
.0815 
.0829 
.0844 
.0858 
.0871 
.0887 
.0905 
. 0921 
.59 

L78 

3.37 

6.10 



Permanent 
set. 



18.16 



Inch. 



.0020 
".'6626" 



.0039 



Remarks. 



Elongation of 10" sections: ".75. 

".76, ".77, ".76, ".79, ".79, ".79 r 

".79. 
Bested 2} minutes. 
Ultimate strength. 
= 22.7 per cent. 



Elongation of 10" sections: 1".70, 1".88, 1".94, 2".14, 2".19, 2".40, 
3".02, 2".84. 
Diameter at fracture, 1".53 5 area, 1.84 square inches. 
Contraction of area, 43 per cent. 
Appearance of fracture fibrous, cup-shaped. 
Broke f" outside gauged length, 12" from face of holder jaws. 
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No. 603. 
Mark on bar, L 209. 

Diameter, 2".02 ; sectional area, 3.20 square inches. 
Gauged length, 80". 



i 



Loads ap- : Pounds per t?i«„ „„♦;«„ Permanent 
plied. ' square inch. Elon S a t">n. Mls 



Pounds. 

3,200 

16,000 

32,000 

48,666" 
64,000 

' '66,666" 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 



81,000 
82, 000 
83,000 
84,000 
85,000 
88, 000 
87,000 
88,000 
89,000 
90,000 
91,000 
92,000 
93,000 
94,000 
95,000 
96,000 
99,200 
112,000 
128,000 
144,000 
159,400 



159,800 

143,000 





1,000 

5,000 
10,000 

1,000 
15,000 
20,000 

1,000 



31,000 
35,000 
40,000 
45,000 




49,937 







25,000 
1,000 



Inch. 
0. 

.0125 
.0270 



.0416 
.0559 



.0575 
.0594 
.0610 
.0628 
.0646 
.0661 
.0679 
.0696 



.0700 

.0712 

.0721 

.0731 

.0740 

.0750 

.0760 

.0770 

.0781 

.0792 

.0809 

.0820 

.0834 

.0856 

.0876 

.55 

.80 

1.80 

3.50 

6.33 



1&05 



set. 



Inch. 



0018 



0019 



0004 



Remarks. 



Elongation of 10" sections: ".80, 
".81, ".81, ".81, ".80, ".80, ".79, 
".77. 
Rested 3 minutes- 
Ultimate strength at time of 

fracture. 
= 22.6 per oent. 



Elongation of 10" sections : 2".31, 2".59 (3".60 at fracture), 2".31, 
2".02, 1".83, 1".71, 1".65. 

Diameter at fracture, 1".50 ; area, 177 square inches. 
Contraction of area, 45 per cent. 
Fracture fibrous, cup-shaped. 

No. 604. 
Mark on bar, L 210. 

Diameter, 2".02 ; sectional area, 3.20 square inches. 
Gauged length, 80". 



Loads ap- 
plied. 



Pounds. 
3,200 
16,000 
32, 000 



48,000 



Pounds per 
square inch. 



1,000 
5,000 

10,000 
1,000 

15,000 



mi *• i Permanent 
Elongation. get 



Inch. 
0. 

.0120 
.0265 



.0410 



Inch. 



— . 0004 



Remarks. 
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Loads ap- 
plied. 



Pounds. 
64,000 



66,000 
68,000 
70,000 
72,000 
74,000 
76,000 
78,000 
80,000 



81,000 
82,000 
83,000 
84,000 
85,000 
86,000 
87,000 
88,000 
89,000 
90,000 
91,000 
92,000 
93,000 
94,000 
95,000 
96,000 
99,200 
112,000 
128,000 
144,000 
160, 400 



160,600 





Pounds per i -p- „„„„*,•„„ 

mimrA inoh Elongation. 



square inch 



20,000 
1,000 



Inch. 
.0552 



Permanent 
set. 



Remarks. 



25,000 
1,000 



. 0570 
.0590 
.0610 
. 0630 
.0650 
.0668 
.0690 
.0710 



Inch. 
—.6026" 



-.0010 



31,000 
35,000 
40,000 
45,000 



.0723 

.0735 

.0748 

.0763 

.0776 

.0790 

.0803 

.0819 

.0835 

.0854 

.0870 

.0896 

.0920 

.0945 

.0960 

.765 

.86 

1.70 

3.35 

6.07 





50,188 





15.96 



Elongation of 10" sections : 
".76, ".76, ".76, ".75, ".75, 
".79. 

Ultimate strength. 
= 19. 9 per cent. 



".78, 
".77, 



Elongation of 10" sections: 1".81, 1".93, 1".96, 1".87, 1".87, 1".91, 
2".04, 2".50. 

Diameter at fracture, 1".52; area, 1.82 square inches. 

Contraction of area, 43 per cent. 

Fracture fibrous, cup-shaped ; broke 2" outside of gauged section and 
10" from face of holder jaws. 

Tensile tests of single and double refined wrought iron (round bars). 

[Tabulated results.] 



o 
^1 



fc 



593 
594 
595 

596 
597 
598 
599 

600 

601 

602 
603 
604 



§ 

* 



S18. 
S19. 
S20. 



Kind of iron. 



. ' Single refined . 

-So 

. I — do 



S 218 J Double refined 

S219.. ....do 

S220..|...do 

L 8 ... j Single refined. 



L9 . 
L10 



L 208.. 
L209.. 
L210 . 



do 
do 



Double refined 

...do 

....do 



3 * 



Inch. 

2.01 
2.01 
2.01 

2.01 
2.01 
2.01 
2.03 

2.02 

2.02 

2.02 
2.02 
2.02 



a 

O 08 

"** £ 
© OB 

9 

in 



S 



a 

AS 



Sq.in. Lbs. per 

! sq. in. 

3. 17 24, 600 

3. 17 25, 870 

3. 17 24, 920 



© 

ag> 



Lbs. per 

»q. %n. 

49, 680 

49,338 

48,864 



3.17 24,610 50,631 

3.17 ! 50,915 

3.17 50,205 

3.24 j ' 51,667 

3. 20 50, 844 

3. 20 ; 53, 062 



3.20 
3.20 
3.20 



50, 156 
49, 937 

50,188 



5 « 
o © 

*■* « 

tt.9 

Oqo 



Per 
cent. 
19.5 
18.3 

18.4 

20.4 
25.5 
23.7 
22 



16.3 


21 


22.7 
22.6 
19.9 



a 

tf © 
£* 



Per 

cent. 

32 

38 

37 

41 
44 
44 
36 

40 

43 
45 
43 



Appearance of fracture. 



Fibrous ; slightly granular. 

Fibrous. 

Fibrous, with some cinder 

at center. 
Fibrous. 
Fibrous; cup-shaped. 

Do. 
Fibrous, 70 per cent ; 

ular, 30 per cent. 
Fibrous, 15 per cent. ; 

ular, 85 per oent. 
Fibrous. 95 per cent. ; 

ular, 5 per cent. 
Fibrous; cup* shaped. 
Do. 
Do. 



gran- 
gran*' 
gran- 
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No. 362. 



Wrought Iron, Single Kolled Bar. 



Supplementary test of No. 973. 



Mark on bar, L 5. 



Bar tested a second time after about eight months' rest. 

Original sectional area of bar, 5".05xl."28=6.46 square inches. 

Bapid stretching began at 365,000 pounds = 56,500 pounds per square 
inch. Ultimate strength, 381,000 pounds = 58,980 pounds per square 
inch on original section. 

Area of fracture, 4".70xl".14 = 5.36 square inches. 

Contraction of area (from original size), 17 per cent. 

Fracture: Granular, 70 per cent.; fibrous, 30 per cent. 

10" sections after second fracture, elongations of B: 2".10, 1".85 ? 
1".80, 1".80, 1".86, 1".82 A. 

Second fracture occurred 16" from the first fracture. 

Bar heated slightly hotter than cherry-red, and allowed to cool in the 
open air. About 12" to 15" of the ends were not heated. 

Average sectional area of bar, 4".75 x 1".17 = 5.56 square inches. 

Gauged length, 50". 



Loads ap- 
plied. 



Poundi. 

5,560 

27,800 

55^600 



83,400 
111, 200 



115, 000 
120, 000 
125,000 
130,000 
135, 000 
140, 000 
145, 000 
150,000 
234,000 



Pounds per 

square inch 

on reduced 

section. 



1,000 

5,000 
10, 000 

1,000 
15, 000 
20,000 

1,000 



26, 080 



42, 090 
21, 670 

36, 220 



Elongation. 



Inch. 

0. 

.0080 
.0188 



Permanent 
set. 



Remarks. 



. 0292 
.0401 



.0421 
.0448 
.0470 
.0498 
. 0525 
.0560 
.0780 
.1770 



Inch. 



.0008 
.6636" 



Elastic limit. 



Ultimate strength. 
Elastic limit on original sec- 
tion. 

Ultimate strength on original 
section. 



Broke 17£" from end A. Fracture, fibrous, 100 per cent. 

This fracture took place near the end of the annealed section of the bar. 

Stretch of bar about 33 per cent, from original length. 

Bar tested again, breaking with 269,000 pounds = 48,380 pounds per 
square inch = 41,640 pounds per square inch on original section. Frac- 
ture, fibrous, 100 per cent. 
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Stipplementary tests of single and double rolled wrought-iron bars. 

No. 384. 
Mark on bar, L 2. 
Bar retested after ten months' rest. 

Present sectional area (average section), 2".84x ".94 = 2.67 square 
inches. 
Gauged length, 50". 



Loads ap- 
plied. 



Pounds. 

2,670 

13,350 

26, 700 




85,000 

90,000 

95,000 

100,000 

106,800 



110, 000 
115, 000 
116, 000 
117,000 
118,000 
119,000 
120,000 
121, 000 
122,000 
123,000 
124,000 
125,000 
126,000 
127, 000 
128,000 
129. 000 
130, 000 
131, 000 
132, 000 
133, 000 
134, 000 
135, 000 
136, 000 
137,000 
138, 000 
139, 000 
140, 000 
141, 000 
142, 000 
143, 000 
144, 000 
145, 000 
146,000 

147, 000 

148, 000 

149, 000 

150, 000 

151, 000 
152,000 

153, 000 

154, 000 

155, 000 

156, 000 
157.000 
158, 000 

159, 000 

160, 000 
181, 000 
162, 000 
163, 000 
164, 000 



Pounds per 
square inch. 



1,000 

5,000 
10,000 

5,000 
16,000 
20,000 

1,000 
25,000 
30,000 

1,000 



Elongation. 



40,000 
1,000 



Permanent 
set. 



Inch. 

0. 

.0178 
.0175 



.0275 
.0365 



.0460 
.0558 



.0590 
.0628 
.0660 
.0695 
.0742 



.0768 
.0800 
.0808 
.0816 
.0825 
.0830 
10836 
.0846 
.0852 
.0858 
.0866 
.0875 
.0880 
.0888 
.0895 
.0905 
.0910 
.0918 
.0922 
.0930 
.0938 
.0946 
0955 
.0960 
.0968 
.0975 
.0984 
.0990 
.1000 
.1008 
.1015 
. 1022 
.1030 
.1038 
. 1048 
.1055 
.1062 
.1072 
.1080 
. 1090 
.1100 
.1108 
.1118 
. 1128 
.1138 
.1148 
.1158 
.1168 
.1178 
.1188 
.1200 



Inch. 



0865" 



0008 

ooio" 



Remarks. 



.0011 
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Loads an- '< Pounds per , -p, „„ n4 ;„„ I Permanent 
plied. i aquareinch. Elongation. 8et 



Pounds. 
165, 000 
1«6, 000 
167, 000 
168, 000 
169, 000 

170, 000 

171, 000 
172, 000 
173, 000 

174, 000 

175, 000 

176, 000 

177, 000 
178, 000 

179, 000 

180, 000 



193, 200- 




61, 800 



Inch. 
. 1210 
.1225 
.1238 
.1250 
. 1262 
.1278 
.1290 
.1308 
.1322 
.1340 
.1358 
.1378 
.1400 
.1428 
.1455 
.1490 



Inch. 



Remarks. 



Elastic limit on original area, 
53, 920 pounds per square inch. 



72, 360 




3.40 



Ultimate strength on original 
area 63,130 pounds per square 
inch. 

= 6. 8 per cent. 



Elongation of 10" sections from original lengths: 2".41, 2".72, 2".70 

^, 2".47, 2".30, 2".20, 2".01. 

Area at fracture, 2".72x ".88=2.39 square inches. 
Contraction of area from original section, 21.9 per cent. - 
Granular fracture. 

No. 385. 

The longer fractured end of bar No. 384 was now taken and heated 
over an open fire till dull red in daylight, and then cooled in open air. 
Present sectional area, 2".80x".92 = 2.58 square inches. 
Gauged length, 20". 



Loads ap- 
plied. 



Pounds. 
2,580 
12, 900 
25, 800 
38,700 
51, 600 

" 55, 666" 
58, 000 
61, 000 
64,000 
67, 000 
70, 000 
73, 000 
76, 000 

79,000 

82, 000 

85,000 

126, 200 







Pounds per 
square inch. 



1,000 

5,000 

10,000 

15,000 

20,000 

1,000 



27, 130 



48, 910 







Elongation. 



Inch. 
0. 

.0028 
.0062 
. 0100 
.0140 

".oiso" 

.0160 
.0170 
.0185 
.0191 
.0200 
.0221 
.0358 



Permanent 

set. 



0750 
147 



Inch. 



.0008 



Remarks. 



Elastic limit, 22,880 pounds per 
square inch on original sec- 
tion. 



) " 0688 s ' ' ^ ^* er 8US Ja ^ n * n S l oa< * 3 minutes. 



1. 52 



Ultimate strength.41, 240 pounds 
per square inch on original 
section. 

=7.6 per cent. 



Elongation of original 10" sections: 3".60, 3".08 j£t, 2".91. 

Area at fracture, 2".52 x ".80 = 2.02 square inches. 
Contraction of area (from original section), 34 per cent. 
Fracture, dull fibrous. 

*  



1 
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No. 380. 

Supplementary test of bar L 201. 

Rested since original test ten months. 

Present sectional area (average, 2".87 x ".95 = 2". 73 square inches. 

Gauged length, 50". 



Remarks. 



Loa< 
pl 

Pot 
2, 


Is sp- 
ied. 

inds. 

730 

650 

300 

600 

900 

200 


Pounds per 
square inch. 

1.000 

5,000 
10,000 
20,000 
30. 000 
40,000 

1,000 
45, 000 
50,000 

1,000 


• 

Elongation. 

Inch. 

0. 

.0080 
.0180 
.0370 
.0560 
.0748 

.0840 
.0940 


Permanent 
set. 

Inch. 


ia 




27, 
54, 

81, 
109. 






.0006 


i22, 


850 
500 


136, 


.0011 


138, 


000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 , 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

000 

) 


.0955 
.0968 
.0982 
.0999 
.1013 
.1030 
.1046 
.1058 
.1064 
.1072 
.1081 
.1090 
.1100 
.1110 
.1120 
.1128 
.1138 
. 1150 
.1160 
.1170 
.1180 
.1192 
.1206 


140, 






142, 






144, 






146, 




148, 






150, 






151, 


i 


152, 


i 




153, 






154, 






155, 


* 





156, 




157, 






158, 


 


............. 


159, 






160, 







161, 






162, 






163, 


i 




164, 




165, 


60,440 

1 




166, 
167, 
168, 
169, 
170, 
171, 
172, 
173, 
174, 
175, 
176, 






.1218 
.1230 
.1245 
.1258 
.1272 
.1288 


























.1305 
.1320 
. 1340 
.1360 
.1408 
.1480 
.135 
. 535 




• 












178, 






180, 




182, 






184, 






193, 


70, 69G 







2.13 







Elastic limit, 53, 920 pounds per 
square inch on original sec- 
tion. 



Ultimate strength, 63,070 | 
pounds per square inch on : 
original area. 

— 4.3 per cent. 



Elongation of 10" sections from original lengths: 8".28 3Q£, 1".99, 
1".93, 1".98, 1".95, 2". ^^ 

Area at fracture, 2".76 x ".89 = 2.46 square inches. 

Contraction of area (from original area), 19.6 per cent. 

Fracture : Granular, 90 per cent. ; with fibrous spot, 10 per cent. 

The longer fractured end of bar No. 3S6 was now taken and heated 
over an open fire till it would melt solder rubbed on its surface; tem- 
perature called 370°. allowed to cool in the open air. 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 20$ 

No. 387. 
L 201, continued. 

Present sectional area, 2".83 x ".92 = 2.6 square inches. 
Gauged length, 20". 



Loads ap- 
plied. 



Pounds. 

2,600 
13,000 
26, 000 

2,600 
13, 000 
26,000 
39, 000 
52, 000 



55, 000 

58, 000 

61,000 

64, 000 

67, 000 

70, 000 

73,000 

76, 000 

79, 000 

82, 000 

85, 000 

88, 000 

91, 000 

94,000 

97, 000 

100, 000 

103, 000 

106, 000 

109, 000 

112, 000 

115, 000 

118, 000 

121, 000 

124, 000 

127, 000 

130, 000 

133, 000 

136, 000 

139, 000 

U% 000 

145, 000 

148, 000 

151, 000 

154, 000 

157, 000 

160, 000 

163, 000 

166, 000 

169, 000 

176, 000 





Pounds per 
square inch. 



1,000 

5,000 

10, 000 

1,000 

5,000 

10,000 

15, 000 

20, 000 

1,000 



Elongation. 



67, 700 




Inch. 

0. 

.0030 
.0068 

0. 
.0030 
.0068 
.0108 
.0145 



.0155 
.0162 
.0171 
.0180 
.0190 
.0200 
.0208 
.0215 
.0225 
.0235 
.0241 
. 0250 
.0260 
.0270 
. 0280 
.0288 
.0295 
.0305 
.0312 
.0320 
.0330 
.0339 
.0348 
.0356 
.0365 
.0370 
.0380 
.0388 
.0398 
.0408 
.0415 
.0422 
.0432 
.0442 
.0452 
.0462 
.0470 
.0480 
.0490 



Permanent 
set. 



Inch. 



0. 



Remarks. 



Ultimate strength, 57,520 
I pounds per square inch on 
i original section. 



Area at fracture, 2".56 x ".78 = 2 square inches. 

Contraction of area (from original section), 34.6 per cent. 

Fracture fibrous, 60 per cent. ; interspersed with granular spots, 40 
per cent. 

Broke outside 20", gauged length. 

During this test the bar stretched in the vicinity of the fracture and 
slightly at the opposite end, about ".07 in ".10. 

Tested again March 1, 1882. 

Ultimate strength, 191,000 pounds = 62,420 pounds per square inch? 
on original section. 

Fracture : Fibrous, 60 per cent. ; granular, 40 per cent. 
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^Supplementary test of bar L ^03. 

Bested nine months since original test. 

Present sectional area, 2".84 x ".94 = 2".67 square inches. 

Gauged length, .50". 

No. 388. 



Loads ap- 
plied. 



Pounds. 

2,670 

13,350 

26,700 

53,400 

80,100 

106,800 

133,500 



140,000 
150,000 
152,000 
154,000 
156,000 
158,000 
160,000 
161,000 
162,000 
163,000 
164,000 
165,000 
166,000 
167, 000 
168,000 
160,000 
170,000 
171,000 
172,000 
173, 000 
174,000 
175,000 
176,000 
177,000 
178,000 
179, 000 
180,000 
181,000 
182,000 
183,000 
184,000 
185,000 
186,000 
187,000 
193,000 



Pounds per 
square inch. 



1,000 
5,000 
10,000 
20,000 
30,000 
40,000 
50,000 
1,000 



™ „«♦*«„ Permanent 

Elongation. . set# 



Remarks. 



64,040 



72,620 




Inch. 
0. 
.0075 
.0170 
.0355 
.0540 
.0725 
.0910 



.0960 
.1032 
.1050 
.1068 
.1085 
.1102 
.1120 
.1128 
.1138 
.1148 
.1159 
.1170 
.1180 
.1190 
.1200 
.1210 
.1220 
.1232 
.1248 
.1262 
.1278 
.1288 
.1300 
.1320 
.1338 
.1352 
.1375 
.1395 
.1420 
.1446 
.1478 
.1512 
.1582 
.1660 



2.10 



Inch. 



.0006 



Elastic limit, 55,880 pounds per 
square inch on original sec- 
tion. 



j Ultimate strength, 63,360 
pounds per square inoh on 
original section. 

J =4. 2peroent. 



Elongation of original 10" sections: 2".12, 2".30 ^ 
1".98, 2":06. *fj?> 

Area at fracture, 2".75x".89 = 2.45 square inches. 
Contraction of area from original section, 19.9 per cent. 
Fracture : Granular, 70 per cent. ; fibrous, 30 per cent. 



2".ll, 2".0«, 
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Tensile test of wrought iron for 3"x3" compression tests. 

No. 321. 



FORM OF SPECIMEN. 



J*.' 



5 



V > 



-*e^c- 



=s 



AC3» 



Gauged length, 20". 
Sectional area, 6 square inches. 



Loads ap- 
plied. 



Pounds per 
square inch. 



Elongation. 



Pound*. 

e.ooo 

30,000 
60,000 



90, 000 
108. 000 
120, 000 



125,000 
130,000 
132, 000 
134,000 
136,000 
138, 000 
140, 000 
142,000 
144,000 
146 000 
148, 000 
150,000 



1,000 

5,000 
10,000 

1,000 
15,000 
18,000 
20,000 

1,000 



Inch. 
0. 

.0030 
.0070 



Permanent 
set 



Inch. 



Remark*. 



0. 



.0108 
.0190 
.0150 



24,330 



152, 000 
154,000 
156, 000 
308, 400 




25,000 
1,000 



.0160 
.0170 
.0176 
.0181 
.0185 
.0189 
.0192 
.0199 
.0205 
.0210 
.0219 
.0228 



.0009 



51,600 




.0260 
.0280 
.0420 



4.31 



Elastic limit. 



0050 



Still elongates under this load. 
Ultimate strength. 
:=21.5 per oent. 



Elongation of 1" sections: ".22, ".21, ".20, ".23, ".26, ".36, ".46 «£&>, 
"28,". 22, ".19,".18, ".18, ".18, ".17, ".18, ".17, ".17, ".17, ".17, 17", ** 
".17. 

Area at fracture, 2".47 x 1".67=4.12 square inches. 

Contraction of area, 31.3 per cent. 

Appearance of fracture : Fibrous, 60 per cent. ; granular, 40 per cent. 

Light-colored fracture. 

No. 322. 
Tensile test of wrought iron for 3"x3" compression tests. 



q 



•^ 



3 



J 



as.' 



Sectional area, 8.97 square inches. 
Gauged length, 20". 



• 
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Loads ap- Pounds per 
plied. i square inch. 



Pounds. 

8,970 

44, 850 

89, 700 



134, 550 
161,460 
179, 400 



180,000 
182,000 
184,000 
186, 000 
188, 000 
190, 000 
192, 000 
194,000 
196, 000 
198, 000 
200,000 
202, 000 
204, 000 
206, 000 
208,000 
210, 000 
212, 000 
214, 000 
216, 000 
218, 000 
220, 000 
222, 000 
224,250 



1.000 

5,000 
10,000 

1,000 
15, 000 
18,000 
20, 000 

1,000 



Elongation. 



Inch. 
0. 

.0030 
.0071 



Permanent 
set. 



Inch. 



Remarks. 



.0002 



.0121 
. 0155 
.0178 



.0032 



226,000 
228, 000 
230,000 
232,000 
234, 000 
236, 000 
452, 500 




25,000 
1,000 



25,640 



.0182 
.0188 
.0188 
.0190 
.0191 
.0192 
.0195 
.0198 
.0200 
.0205 
.0208 
. 0212 
.0219 
.0222 
.0226 
.0228 
.0231 
.0235 
.0240 
.0248 
. 0251 
.0259 
.0268 



Rested 10 minutes. 



50,446 






.0986 




.0280 




.0290 






.0300 
.0325 
.0490 




Elastic limit. 










1 .0860 










Ultimate strength. 
= 21.5 per cent. 


4.30 









Elongation of 1" sections : ".20, ".20, ".21, ".22, ".22, ".22, ".22, ".22, 
".21, ".22, ".22, ".22, ".22, ".23, ".23, ".24, ".24, ".23, ".23, ".24. 
Area at fracture, 2".56x2".50 = 6.4 square inches.' 
Contraction of area, 28.6 per cent. 
Broke 4" from face of holder jaws. 
Appearance : Fibrous, 40 per cent.; granular, 60 per cent. 

No. 323. 
Tensile test of wrought iron for 3"x3" compression tests. 



0=: 



120. 



IT 



Sectional area, 9 square inches. 
Oauged length, 50". 



Loads ap- 
plied. 



rounds. 

9,000 

45, 000 

90,000 

135, 000 
162, 000 
180,000 



square inch. 



1,000 
5,000 
10,000 
1,000 
15,000 
18, 000 
20, 000 



Elongation. 


Permanent 
set. 




Inch. 
0. 


Inch. 




.0078 




. 0172 


.0002 


.0270 
. 0335 


.0-100 





Remarks. 



208 TESTS OF IRON AND STEEL ' AND OTHER MATERIALS. 



Loads ap- 
plied. 



Pounds per E1(mgation . 
square inch. ; ^"""fc**"""- 



Permanent 
set. 



Remarks. 



1 Foutuis. 
i85,000 


1,000 


Inch. 

"6459""" 

.0505 
.0540 
.0555 
.0570 
.0598 
.0650 
.0712 
.0870 
.123 


Inch. 
.0062 


190,000 






192, 000 






, 194, 000 






196, 000 






| 198, 000 






200, 000 






1 202, 000 






! 204, 000 







; 206, 000 








1,000 




446, 000 












11.36 




1 





Bested one hour. 
Ultimate strength. 
= 22.7 per oent. 



Elongation of 5" sections: l".ll, 1".20, 1".30, 1".20, 1".19, 1".21, 
l".ll, 1".04, 1".02, 1".02. 
Area at fracture, 2".45 x 2".45 = 6 square inches. 
Contraction of area, 33.3 per cent. 
Broke at face of holder jaws. 
Appearance: Fibrous, 45 per cent.; granular, 55 per cent. 

Ko. 390. 

Tensile test of 3" x3" wrought iron, bar branded. 

Stirling Best — Best Befined. 

Total length of bar, about 78". 

Gauged length, 24". 

Sectional area, 3".02x3".02 = 9.12 square inches. 



1 

1 Loads ap- 

| plied. 

1 Pounds. 
9,120 


Pounds per 
square inch. 

1,000 

5,000 
10, 000 

1,000 
15,000 
20, 000 

1,000 


Elongation. 

Inch. 

0. 

.0030 
.0075 


Permanent 
set. 

Inch. 


Remarks. 


45,600 






91, 200 
1 


0. 




136,800 


.0120 
. 0161 




182, 400 






.0005 




188,000 
193, 000 
198, 000 
203,000 
208, 000 
213,000 
218, 000 
223, 000 
228,000 


.0170 
.0178 
.0182 
.0190 
.0195 
.0200 
.0210 
.0215 
.0225 














































25, 000 
1,000 


.'6626 * 




230,000 
232,000 
234,000 
236,000 
238, 000 
240, 000 
242,000 
244, 000 
246, 000 
248,000 
250,000 
252, 000 
254,000 
260, 000 
270,000 
449, 000 



.0231 

.0238 

.0241 

.0245 

.0251 

.0260 

.0262 

.0266 

.0270 

.0278 

.0286 

.0440 

.1100 

.136 

.192 




* 











































26, 970 




Elastic limit 






































49, 230 






Ultimate strength. 
=18.1 per cent. 


3.15 
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Elongation of inch sections after fracture of bar: ".15, ".14, ".14, 
".14, ".13, ".13, ".13, ".13, ".13, ".13, ".14, ".15, ".13, ".13, ".13, ".13, 
".12, ".13, ".13, ".13, ".13, ".13, ".14, ".13. 

Fractured about 1 inch inside the section covered by holder jaws. 

Area at fracture, 2".83 x 2".78 = 7.87 square inch. 

Contraction of area, 13.7 per cent. 

Appearance of fracture: Granular, 95 per cent.; fibrous, 5 per cent. 

No. 395. 
Tensile test of 3" x 3" wrought-iron bar. 



FORM OF SPECIMEN. 



s*: 



*h 



2^L 



s 






^ 



Sectional area, 3".05 x 1".99 = 6.07 square inches. 
Gauged length, 24". 



Loads applied. 

Pounds. 

6,070 

30, 350 

60,700 


Pounds per 
square inch. 


Elongation. 

Inch. 

0. 

.0031 
.0078 


Permanent 
set. 

Inch. 


Remarks. 

Elastic limit. 

Ultimate strength. 
= 20.2 per cent. 




1,000 

5,000 
10, 000 

1,000 
15, 000 
20,000 

1,000 






.0002 


91,050 
121, 400 


.0i28 
.0185 


.0020 


124,000 
127,000 
130, 000 
133, 000 
136, 000 
139, 000 
142, 000 
145, 000 


.0192 
.0200 
.0210 
. 0220 
.0230 
.0240 
.0258 
.0282 
.0310 
.0400 


















22,900 










; 148, 000 






151, 750 


25, 000 
1,000 




.0200 


| 154,000 


.0490 
.0560 
. 0720 
.098 


j 157, 000 


• • • • **• •••••••• 




1 160, 000 




163, 000 

296, 000 








48,764 





4.85 







Elongation of 1" sections after fracture : ".16, ".20, ".22, ".21 , ".29 ^jk y 

".21, ".23, ".21, ".20, ".20, ".20, ".20, ".22, ".22, ".26, ".23, ".23, ".22, ".20, 
".21, ".20, ".18, ".18, '<.15. 

Area of fracture, 2".78xl".83 = 5.09 square inches. 

Contraction of area, 16.1 per cent. 

Broke 6" from neck, with granular fracture varying in degree of 
coarseness, fibrous about 5 per cent. 

Seams in iron. 

No. 396. 

Off same bar as No. 395. 

Tested full size as it came from the rolls. 

Total length, 126".75. 

Oangert length, 80". 

Sectional area, 3".03x3 // .02 = 9.15 square inches. 

S. Ex. 1 14 
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Loads ap- Pounds per 
plied. i square inch. 



Pounds. 

0,150 

45,760 

91, 500 



137,250 
183,000 



188,000 
193, 000 
198, 000 
203, 000 
208, 000 
213,000 
218, 000 
223,000 
228,750 



233,000 
238,000 
408, 500 




1,000 

5,000 
10, 000 

1,000 
15,000 
20, 000 

1,000 



22, 730 



25,000 
1,000 



44,645 




Tn nntro .* inn Permanent 
Elongation. get 



Inch. 
0. 

.0120 
.0275 



.0430 
.0020 



.0650 
.0685 
.0710 
.0740 
.0780 
.0830 
.0908 
.1065 
.1580 



.2060 
.347 



7.62 



Inch. 



.0005 



0050 



.0858 



Remark*. 



Elastic limit. 



Ultimate strength. 
=9. 5 per cent. 




Elongation in 5" sections after fracture of bar: ".50, ".50, ".47 

".55, ".48, ".51, ".49, ".46, ".46, 47, ".46, ".48, ".47, ".46, ".48, ".4. "^f r 

No. 396. 

Area at fracture, 2".87x2".87=8.24 square inches. 

Contraction of area, 10 per cent. 

Broke 42".5() from end. Appearance granular. Similar to fracture 
of end No. 395. 

Eight cracks along one surface developed by test. Maximum crack, 
3" long x \" deep. • whh 

Small piece, about 1 ounce weight, flew out at point of fracture when 
specimen broke. 

Wrought Iron — Hound Bars. 

Tests to determine the modulus of elasticity in the same bars for strains of 

tension and compression. 

Bars of Phoenix and Pencoyd iron, cut in two at middle; one end 
strained by tension, and one end by compression. 

These bars were taken from the same lot of iron that was used for 
the transverse strength of pins. (See report of tests, 1881. 

No. 333. 

Phcenix Iron — Bough Bar. 

2i'J diameter, turned down to about 2" diameter. 
Actual diameter, 2."003. 
Sectional area, 3.142 square inches. 
Gauged length, 30". 

TENSILE LOADS. 



Loads ap- 
plied. 



Pounds. 

3,142 

15, 710 

25,136 

31, 420 

37,704" 

47, 130 



ZSE^iSS ' Elongation. 



square inch. 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

15, 000 

1,000 



Inch. 
0. 

.0040 
.0070 
.0090 



.0114 
.0140 



Permanent 
set. 



Remarks. 



Inch. 







E = 30,000.000. 
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COMPRESSION LOADS. 



Pounds per | r««.«««..««.-j«« 
square inch. | Com P ,e8810n - 



1,000 

5,000 

8,000 

10, 000 

1,000 

12,000 

15,000 

1,000 



Inch. 

0. 
.0050 
.0076 
.0096 



Permanent 
set. 



Inch. 



.0116 
.0150 



.0005 

Vooio' 



Remarks. 



In reversing the load from 1,000 pounds per square inch tension to 
1,000 pounds per square inch compression, the gauge showed a move- 
ment of ".0020. 

Note. — Deducting the permanent set ".001 from the compression at 15,000 x>ound» 
per square inch, and we find a modulus of elacticity the same as for tension. 



TENSION LOADS. 



Loads ap- 
plied. 



Pounds. 

3,142 

15, 710 

25,136 

31, 420 




Pounds per 
square inch. 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

15,000 

1,000 



Elongation. 



Permanent 
set. 



Remarks. 



Inch. 
0. 
.0040 
.0075 
.0095 



Inch 



.0115 
.0148 



.0005 
.0004 



COMPRESSION LOADS. 



Pounds per 
square inch. 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

15,000 

1, 000 



r\ I Permanent 

Compression. 1^*" 



Remarks. 



Inch. 
0. 

.0044 
.0076 
.0096 



Inch. 



.0116 
.0149 



.0004 

Voodi" 



The gaugings in last test were taken with the "friction dial" measur- 
ing instrument. To verify these measurements the screw micrometer is 
now placed on the specimen. 



TENSION LOADS. 



Pounds per 
square inch. 


Elongation. 


Permanent 
■et. 


Remarks. 


' 1,000 


Inch. 

0. 


Inch. 


Test resumed after bar had rested 


! 5,000 i .0045 




under zero load sixty- two hours. 


> 8,000 .0078 




| 10,000 .0099 






; 1,000 

' 12, 000 




.0009 




.0122 




, 15,000 1 .0154 






| 1,000 




.0010 
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COMPRESSION LOADS. 



Pounds per ' r««w.«~i..i«« ' Permanent 
square inch, j Compression. got 

Inch. Inch. 

1,000 0. 

5,000 .0040 

8,000 .0070 

10, 000 . 0002 

1,000 0001 

12,000 .0121 

15,000 .0142 

1,000 : .0001 



No. 334. 

Phcenix Iron. 

Off same bar as No. 333. 
2£" rough bar turned down to 2".003. 
Sectional area, 3.142 square inches. 
Gauged length, 30". 

COMPRESSION LOADS. 



Remarks. 



Ponnds per 
square inch. 


Compression. 


1,000 
5,000 
8,000 
10,000 
1,000 


Inch. 

0. 
.0040 
.0008 
.0088 


12,000 

15, 000 

1,000 


.0108 
.0130 





Permanent 
set. 



Inch. 



— . 0002 
— .6662" 



Remarks. 



£ = 29,800,000. 



TENSION LOADS. 



££*i& ! *»«••«-■ 



1,000 
5,000 
8,000 

10,000 
1,000 

12,000 

15,000 
1,000 



Inch. 
0. 

.0044 
.0075 
.0095 



.0117 
.0147 



Permanent 
set. 



Inch. 



.0007 

'."oeos" 



Remarks. 



E =29,580,000. 



COMPRESSION LOADS. 



Pounds per • r»««„v«.«.»^« ' Permanent 
square inch, j Compression. get 



1,000 

5,000 

8,000 

10, 000 

1,000 

12, 000 

15, 000 

1,000 



Inch. 
0. 

.0042 
.0072 
.0095 



Inch. 



.0005 



.0115 
.0148 



.0005 



Remarks. 
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TENSION LOADS. 



Pounds per 
sqnare inch. 



1,000 

5, 000 

8,000 

10,000 

1,000 

12, 000 

15, 000 

1,000 



Elongation. 



Inch. 



Permanent 

set. 



Remarks. 



Inch. 



1 °- 

1 .0040 




.0074 




.0095 

.*6ii5*" 

.0147 


.0005 "* 


.0005 







No. 335. 

Pencoyd Iron. 

2J" rough bar turned down to 1".995 diameter. 
Sectional area, 3.126 square inches. 
Gauged length, 30". 

TENSION LOADS. 



Loads ap- 
plied. 




Pounds. 

3,126 

15,630 

25, 008 

31, 260 



56,268 
62,520 



68, 770 
71,898 
75,024 
76, 587 
78, 150 



79,713 

81, 276 

82, 839 
84, 402 
85,965 
87, 528 



Pounds per 
square inch. 



1,000 

5,000 

8,000 

10, 000 

1,000 

12,000 

15, <K)0 

1,000 

15,000 

1,000 

15, 000 

1,000 

10, 000 

1,000 

18, 000 

20,000 

1,000 

5,000 

8,000 

10,000 

1, 000 

1,000 

1,000 

10,000 

15, 000 

20, 000 

1,000 

22,000 

23, 000 

24,000 

24, 500 

25,000 

1,000 

25, 000 

25, 500 

26,000 

26,500 

27,000 

27,500 

28,000 

1,000 



Elongation. 



Inch. 



Permanent 
set. 



Remarks. 



Inch. 



.0044 




.0074 




.0094 






.0004 


.0115 




.0144 


— . 0001 


.0144 






— .0002 


.0144 






0. 


.0095 






0. 



.0168 
.0185 



.0037 
.0070 
.0092 



) —.0012 



.0093 
.0148 
.0203 



J 

.1 



0. 

0. + 
-.0001 



.0003 



.0210 
. 0220 
.0231 
. 0235 



— . 0014 



.0240 
.0244 
. 0249 
.0255 
.0262 
.0271 



— . 0006 



After resting 5 minutes. 
'. After resting 15 minutes. 



Sustained momentarily. 

Springing the micrometer will ' 
vary the reading perma- ! 
nently about ".0003. In use | 
this springing would not ; 
occur. The springing was I 
done experimentally. Load 
sustained momentarily. 



Remarks. — It has been observed iu the test of some flat rolled bars that permanent 
sets caused by loads of 10,000 pounds perjsquare inch, or about that, were eliminated 
by higher strains, and, also, there has in a few casas appeared a permanent shortening 
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after the bar had been elongated. The apparent shortening was attributed to straight- 
ening of the bars in previous tests where this behavior occurred. 

In the present instance, with a carefully turned bar, such an explanation as the 
above is obviously inadmissible. It would now appear that the above bar had initial 
strains which were released or some molecular arrangement broken up at 15,000 
pounds per square inch, which enabled the bar to recover its original length upon 
the removal of that load, and even contract slightly, giving a minus sign to the per- 
manent set. 

This behavior is more marked after the bar was strained 20,000 pounds per square 
inch. 

The measuring instrument, a micrometer screw, was carefully inspected to see that 
an instrumental error was not the cause of the minus permanent sets, but the instru- 
ment was found in good condition. 

In corroboration of the micrometer measuring instrument, the scale beam of the 
testing-machine gave indication that a shortening of the specimen took place im- 
mediately after the strains were reduced to the initial load of 1,000 pounds per square 
inch. 

After six months' rest, bar tested to the ultimate breaking strength 
= 163,800 pounds = 52,400 pounds per square inch. 

Diameter of fracture, 1".54 = 1.86 square inches; contraction of area, 
40.5 per cent.; appearance fibrous, with slight granulation. 



No. 336. 

Pencoyd Iron. 

Off same bar as No. 335. 

Diameter, 2".000. 

Sectional area, 3.142 square inches. 

Gauged length, 30". 

Friction dial used for measurement. 

TENSION LOADS. 



Loads ap- 
plied. 



Pounds. 

3,142 

15, 710 

25,136 

31,420 



37, 704 
47, 130 

56," 556* 
62,840 



72,266 



78, 550 



Pounds per 
square inch. 



1,000 

5,000 

8,000 
10,000 

1,000 
12,000 
15,000 

1,000 
18,000 
20,000 

1,000 
23,000 

1,000 
25, 000 

1,000 



T?i.v n ~o+{ An i Permanent 
Elongation. ; + 



Remarks. 



1 

1 


Inch. 
0. 

.0042 
.0075 
.0098 


Inch. 










1 




1 


.0001 


• ' 


.0120 
.0150 






0. 




4 .0170 
.0104 










-.0008 



.0223 



.0243 



-.0010 

-.ooi-i 



In the test of No. 336 another measuring instrument was used — the 
friction dial instrument. 

This bar, which was cut off the end of No. 335, showed a similar 
behavior to it, and as the dial-measuring instrument and the scale beam 
again in this case pointed to the same result, it is believed that a 
permanent shortening of the specimens did actually take place after 
loads between 15,000 pounds per square inch and 25,000 pounds per 
square inch had been applied and released. 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 215 

No. 354. 

Oast Iron. 

Tensile test of cast (gun) iron from South Boston Iron Company. 

Mark on specimen : " No. 5, Block B." 

FORM OF TEST PIECE. 




Sectional area, 1.5 square inches. 
[ Gauged length, 15". 



Loads ap- 
plied. 



Pound*. 

1,500 

3,000 

4,600 

6,000 

7,500 

9,000 

10,500 

12,000 

13,500 

15,000 

16,500 

18,000 

10,500 

21,000 

22*500 

24.000 

25,500 

27,000 

28,500 

30,000 

31,500 

33,000 

34,500 

36,000 

37,500 



Pounds per 
square inch. 



1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

.18, 000 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

25,000 



Elongation. 



Permanent 
set. 



Remarks. 



Inch. 

-.0003 
.0005 
.0014 
.0020 
.0030 
.0040 
.0050 
.0060 
.0070 
.0083 
.0094 
.0105 
.0120 
.0133 
.0147 
.0164 
.0180 
.0204 
.0224 
. 0250 
.0285 
.0325 
.0380 
.0446 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

.0003 
.0005 
.0005 
.0005 
.0006 
.0007 
.0013 
.0015 
.0019 
.0025 
.0030 
.0036 
.0045 
.0059 
.0080 
.0105 
.0145 
.0195 



Ultimate strength. 



Broke 1%" from middle of bar. • 

No. 355. 

Compression test of cast (gun) iron from South Boston Iron Company. 

Mark on specimen: "No. 5, Block. A." 




Sectional area, 1.46 square inches. 
Gauged length, 10". 
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Loads ap- 
plied. 



Pounds. 
1,460 
2,920 
4,380 
5,840 
7,300 
8,760 
10,220 
11,680 
13, 140 
14,600 
16,060 
17, 620 
18,980 
20,440 
21,900 
23,360 
24,820 
26,280 
27,740 
29,200 
30,660 
82,120 
33,580 
35,040 
36,500 
37,960 
39,420 
40,880 
42,340 
48,800 
45,260 
46, 720 
48,180 
49,640 
51,100 
52,560 
54,020 
55,480 
56,940 
58,400 
108, 800 



a P n°^^^ r ;CompreBHio n . 



square inch. 



1,000 
2,000 
3,000 
4,000 
5.000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14, 000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35, 000 
36,000 
37,000 
38,000 
39,000 
40,000 
74,520 



Inch. 
.0005 
.0016 
.0018 
.0025 
. 0030 
.0040 
.0045 
.0050 
.0060 
.0074 
.0075 
.0080 
.0082 
.0090 
.0100 
.0105 
.0105 
. 0113 
.0125 
.0130 
.0140 
.0150 
.0158 
.0165 
.0174 
.0185 
.0200 
.0205 
.0225 
.0234 
.0251 
.0270 
.0290 
.0310 
.0332 
.0359 
.0400 
.0427 
.0475 
.0516 



Permanent 
set. 



Inch. 

0. 

0. 

». 

.0002 
.0005 
.0005 
.0005 
.0005 
.0006 
.0007 
.0008 
.0010 
.0010 
.0010 
.0010 
.0012 
.0012 
.0010 
.0010 
.0015 
.0014 
.0020 
.0019 
.0030 
.0030 
.0030 
.0032 
.0048 
.0048 
.0054 
.0068 
.0076 
.0092 
.0110 
.0 30 
.0150 
.0180 
. !05 
.0 42 
.0 80 



Remarks. 



Ultimate strength. 



SHAPE AFTER FRACTURE. 




No. 382. 
Tensile test of gun-metal (bronze) used in cavalry forge cart — detail** 



4 



N= 






J? 



T&i* 



SI 



JOT 



:\. 



Sectional area, .616 square inch. 
Gauged length, 10 ". 
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Pounds. 

5,000 

6,000 

7,000 

8,000 

9,000 

9,800 

10,000 

6,000 

10,500 

11,000 

11,500 

12,000 

12,500 

5,000 

18, 000 

14, 000 

15,600 

18,900 





1 Pounds per 
' square inch. 


Elongation. 


Permanent 
set. 


Remarks. 


i. .. . . 


Inch. 
0. 

.0013 
.0028 
.0042 
.0061 


Inch. 


Elongations measn 
load of 5,000 poon< 




• 




















' 15, 910 




Elastic limit. 


.0082 








.0019 






.0100 
.0116 
.0140 
.0176 
.0200 






























.oioo 






.0239 
.0340 
.0496 












. 




30,680 




Ultimate strength. 
= 1.5 per cent. 





.15 











Broke, about \" from curve of neck. 

Fracture, dull color. 

Fractured, with slight contraction. 

No. 383. 
Tensile test of gun-metal cut from nave, cavalry forge cart. 

4 

"1 



\mw\ 




\\\\\XS\\ 



<- 2. -> 

Sectional area, .049". 

Ultimate strength, 1,605 pounds = 32,760 pounds per square inch. 

Broke about tV' from middle of specimen. 

Elongation about ".29 in 2" =14 \ per cent. 

Fracture bright, varying in color. 

Test of a 9" wroughtiron I beam by strains of tension and compression. 

it 




Tensile specimens A, B, C, and I) cut out of beam, as shown by the 
sketch. 

Specimen A has planed edges and rough sides. Specimens B, (7, 
and D are planed on all faces. Specimen E compression test of the 
full section of beam. 



218 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 337. 

Tensile test of Specimen A. 

Size of bar, 3"x".65 = 1.95 square inches. 
Oauged length, 30". 



Loads ap- , Pounds per tj.i«„ „«»««„ 
plied. ; square inch. Elongation. 



Pounds, 

1,950 

9,750 

15,600 

19,500 



64,850 
66,800 
68,250 
70,200 
103,800 




Permanent 
set. 



Remarks. 



23,400 
29,250 


35,100 
39,000 


40,950 
42,900 
44,850 
46,800 
48,750 


50,700 
52,650 
54,600 
56,550 
58,500 


60,450 
62,400 





1,000 

5,000 

8,000 
10,000 

1,000 
12,000 
15,000 

1,000 
18,000 
20,000 

1,000 
21,000 
22,000 
23,000 
24,000 
25,000 

1,000 
26,000 
27,000 
28,000 
29,000 
30,000 

1,000 
31,000 
32,000 
32,000 
32,000 
33,000 
34,000 
35,008 
36,000 
52,970 




Inch. 



.0044 
.0077 
.0099 



.0120 
.0153 

".HA' 
.0211 



.0227 
.0237 
.0249 
.0260 
.0277 



I .0290 

! .0308 
.0320 

, .0339 
.0361 

I 

' .0389 
. 0417 
.0427 
.0429 
.0449 

, .0487 

! .0559 
.065 



2 24 



Inch. 



0. 
0.* 



.0009 



.0019 



E = 28,347,000. 



.0049 



After 3 minutes rest. 
After 5 minutes rest. 



Yielding still continuing. 
Ultimate strength. 
=7.5 per cent. 



Fractured 1" outside of gauged length. 

Appearance of fractures: Granular, 92 per cent.: fibrous, 8 per cent. 

Area at fracture, 2".92 x ".60 = 1.752 square inches. 

Contraction of area, 10 per cent. 



No. 341. 



Tensile test of Specimen B. 



Size of bar, 3" x ".503 = 1.509 square inches. 
Gauged length, 30". 



Loads ap- 
plied. 



Pounds. 

1,509 

9,545 

12,072 

15,090 

"i8,"io8 

24,635 



Pounds per 
square inch. 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

15,000 



Elongation. 


Permanent 
set. 


Inch. 
0. 


Inch. 


.0060 




.0080 




.0101 






6. 


.0122 




.0170 









Remarks. 
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Loads np- Pounds per i?i^„„ ^„„ Permanent 
nli«ii. fl m,«r« inU Elongation. . 



plied. 



Pound*. 



27, 162 
BO, 180 



33, 198 
36, 216 
37, 725 



30, 234 
40, 743 
42, 252 
43, 761 
45,270 



46, 779 
48,288 
49,797 
51, 306 



65,400 




square inch. 



1,000 
18,000 
20,000 

1,000 
22,000 
24,000 
25,000 

1,000 
26,000 
27,000 
28,000 
29,000 
30,000 

1,000 
31,000 
32,000 
33,000 
34, 000 



43, 340 




Inch. 



0190 
0215 



set. 

Inch. ' 
.0001 

.0008 



Remarks. 



.0242 
.0270 
.0285 



.0022 



E = 27,376,000. 



.0302 
.0321 
.0340 
.0368 
.0398 



0080 



.0440 
.0482 
.0542 
.065 



.78 



Yielding continues; stretch 
! not all taken out which this 
load would cause. 
Ultimate strength. 
=2.6 per cent. 



Area at fracture, 2".96 x ".49 = 1.45 square inches; contraction of 
area, 3.9 per cent. 
Fracture: Granular, 95 per cent.; fibrous, 05 per cent. 
Appearance of bar not clean ; seamy. 



No. 342. 

Tensile test of Specimen C. 

Size of bar, 4".003 x ".752 = 3.01 square inches. 
Gauged length, 30". 



Loads ap> ' Pounds per 
plied. square inch. 



Elongation. ! *erinanent j 



Remarks. 



Pounds. 

8,010 

15,050 

24,080 

30,100 



36,120 
45,150 


I 54,i80 
| 60,200 


! 66,220 
72,240 
75,250 



146,400 




Inch. Inch. 

1,000 0. 

5,000 .0046 | ! 

8,000 .0078 

10,000 .0102 

1,000 0008 

12,000 .0128 

15,000 .0159 

1,000 .0009 

18,000 .0199 j 

20,000 i .0238 E = 28,500,000. 

1,000 .0038 ; 

22,000 .0296 

24, 000 . 0399 

25,000 .0518 

1,000 0256 

48,640 ' Ultimate strength. 

! 5.25 | =17.5 per cent. 



Area at fracture, 3".67 x ".66 = 2.42 square inches. 

Contraction of area, 19.6 per cent. 

Fibrous fracture, good appearance. 

Began to break on one edge, extending across. 



220 TESTS OF IRON AND STEEL AND OTHER MATERIALS, 

Xo. 343. 

Tensile test of Specimen J). 

Size of bar, 4"x".75G = 3.024 square inches. 
Gauged length, 30". 



Loads ap- 
plied. 



Pounds. 

3,024 

15, 120 

24,192 

30,240 



36,288 
45,360 



Pounds per . — i-__.*i__ 
B mi«r«iiEi, Elongation. 



54,432 
60,480 



66,628 
69,552 
72, 676 
75,600 



78,624 

81,648 

147, 100 





square inch. 



1,000 

5,000 

8,000 

10,000 

1,000 

1,000 

12,000 

15,000 

1,000 

18,000 

20,000 

1,000 

22,000 

23,000 

24,000 

25,000 

1,000 

26,000 

27,000 

48,640 





Permanent 
set. 



Remarks. 



.i . 



Inch. 

.0 

.0044 
.0077 
.0099 



Inch. 



.0001 
.0001 



.0117 
.0151 



.0186 
.0211 



.0001 
.0008" 



' E = 28,078,000. 



.0254 
.0276 
.0306 
.0357 



.0431 
.0590 



3.95 



.0106 



Yielding continues. 

Do. 
Ultimate strength. 
= 13.2 per cent. 



Area at fracture, 3".74x ".68 = 2.543 square inches. 
Contraction of area, 15.9 per cent. 
Fracture : Fibrous, 90 per cent ; granular, 10 per cent. 
Fracture began at edge of bar. 

This bar was not straight — slightly concave on the side that measure- 
ments of elongation were taken. 

No. 344. 

Test by compression of I beam. 

Specimen E. 



f 



3?dS 




a* 



& 



} 4 



» 



M 



Total length, 57".00. 
Weight, 228 pounds. 
Sectional area, 14.4 square inches. 
Gauged length, 50". 
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Loads ap- | Pounds per 
plied. j square inch. 



Pounds. 

14, 400 

72,000 

115, 200 

144, 000 



172, 800 
216, 000 



259,200 
288,000 



316, 800 
345,600 

360,000 

374,400" 
388,800 
403, 200 
417,600 
432, 000 



460,800 
545, ioo" 



1,000 

5,000 

8,000 
10,000 

1,000 
10,000 

1,000 
12, 000 
15, 000 

1.000 
15,000 

1,000 
18, 000 
20,000 

1,000 
18, 000 
20, 000 

1,000 
22,000 
24,000 
25, 000 

1,000 
26,000 
27,000 
28,000 
29,000 
30,000 
30; 000 

1,000 
32,000 
32,000 
37,854 



Compression. 



Inch. 

0. 
.0058 
.0108 
. 0142 



0145 



Permanent 
set. 

Inch. 

.'ooii" 
.ooii"" 



Remarks. 



.0175 




.0230 




1 


.0010 


| .0230 


.0014 


!:;:::::::::::: 




.0330 





.0298 
.0330 



.0026 
"."0026" 



£ = 31,250,000. 



.0370 
.0415 
.0440 



.0059 



.0475 
.0500 
.0534 
.0585 
.0630 
.0660 



.0835 
! .0922 



.0195 



After 5 minutes' rest. 

After 4 minutes' rest. 
Ultimate strength. 



Beam failed by horizontal deflection, or in the direction perpendicular 
to the web, beam taking triple flexure. 

When deflection reached about 1", the test was discontinued. The 
load the beam was sustaining at the time was 538,000 pounds. 

10" Wrought Iron I Beam. 

(Boiled by Union Iron Company, Buffalo, 2f. Y.) 

Tests by tension and compression. 

No. 345. 

Specimen planed out of flange of beam. 
Dimensions, 48" x 3" x ".51. 
Sectional area, 1.53 square inches. 
Gauged length, 30". 
Metal has poor appearance; porous. 



Loads ap- Pounds per 
plied. i square inch. 



Pounds. 

1,530 

7,650 

12, 240 

15, 300 



Elongation. 



18,360 
22, 950 
27, 540 
30,600 



43, 700 
55, 400 




1,000 

5,000 

8,000 

10, 000 

1,000 

12,000 

15,000 

18, 000 

20, 000 

1,000 

28,560 

3d, 210 





Inch. 
0. 

.0043 
.0076 
.0100 



.0121 
.0156 
.0192 
.0221 



65 



Permanent 
set. 



Remarks. 



Inch. 



.0001 



.0011 



Elastic limit. 
Ultimate strength. 
= 2.2 per cent. 



222 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Area at fracture, 2".90x ".47=1.36 square inches. 
Contraction of area* 11.1 per cent. 
Appearance of fracture, dull, spongy. 

* 

No. 346. 

Specimen planed out of web of beam. 
Dimensions, 48" x 3" x ".395. 
Sectional area, 1.185 square inches. 
Ganged length, 30". 



Loads ap- 
plied. 



Pounds. 

1,185 

5,025 

9,480 

11,850 



£S?h3Sr ! Elongation. 



14,220 
17, 775 
21,330 
23,700 



29,900 
52,000 




square inch. 



1,000 

5,000 

8,000 

10,000 

1,000 

12, 000 

15,000 

18,000 

20, 000 

1,000 

25, 230 

44,640 





Inch. 

0. 

.0042 
.0072 
.0097 



Permanent 
set. 



Inch. 



.0003 



.0122 
.0153 
.0191 
.0213 



.0014 



2.17 



Remarks. 



Elastio limit. 
Ultimate strength. 
= 7.2 per cent. 



Area at fracture, 2".90x ".34 = .99 square inch. 

Contraction of area, 16.5 per cent. 

Appearance at fracture dull, spongy; small granular spot. 



No. 347. 

Compression test of wrought iron. 

I-Beam. 

Specimens No. 345 and No. 346 were cut off one end of this beam. 

4.40 > 



F^ 



*1 




i£^ 



v 



..1* 



\ 



7" 



,/ 



ifi 



Tested with flat ends, counterweighted at middle. 

Total length, 155".45. 

Total weight, 443 pounds. 

Gauged length, 150". 

Sectional area, 10.26 square inches. 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 22$ 



Deflections. 



Loads ap- Pounds per I Compres- Permanent , . 
plied. * square inch J sion. i set. j 



Pounds. 

10,200 

51,800 

102, 600 



123, 120 
153,900 



184,680 
205,200 



207,000 



1,000 

5,000 
10,000 

1,000 
12, 000 
15,000 

1,000 
18,000 
20, 000 

1,000 
20, 170 



Inch. j 
0. 

. 0185 

.0440 j 
0. I 

.0542 ' 

.0694 ' 



.0846 
.0962 



Inch. 



0. 

"o. 

—".0002" 



Horizontal. 



Inch. 

0. 

0. 

0. 

0. 

.05 
.10 

0. 

.15 
.30 
.09 



Vertical. 



Inch. 

0. 

0. 
.02 

0. 

.02 
.02 

0. 

.05 
.10 
.06 



Remarks. 



Ultimate strength. 



Failed by horizontal deflection. 
Took sharp bend at middle. 

Compression tests of wrought-iron I beams. 

flat ends. Placed in testing machine with webs vertical. 

No. 348. 

9" I Beam. 

(Rolled by Union Iron Company, Buffalo, N. Y.) 



AT 






YC 



"^ (ST** 






Jt.".f0 > 



1,1 



P" 



fy 



t'l 



'/£ 



Total length, 191".90. 
Total weight, 365 pounds. 
Sectional area, 6.85 square inches. 
Gauged length, 150". 



Loads ap- [Pounds per 
plied. square inch. 



Pounds. 

6,850 ' 

34,250 , 

54,800 ; 

68,500 | 

" 82,206 *": 
85,380 



1,000 

5,000 

8,000 

10,000 

1,000 

12, 000 

12, 460 



Compres- 
sion. 


1 

Permanent 
set. 


Defle< 

Horizontal. 

Inch. 
0. 

- .07 

- .11 

- .20 
0. 

- .43 

- .78 
1 


rtions. 
VerticaL 


Remarks. 

1 


Inch. 
0. 


Inch. 


Inch. 

0. 

0. 

.05 
.06 

0. 
.04 

0. 


• 1 


.0215 




• 


.0380 


' 




.0501 






.0665 


0. 


• , 




! 


| Ultimate strength. 




1 

1 



224 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

After passing the ultimate load, strains were continued, the horizontal 
deflection increasing rapidly, but not with a sudden spring. 

When the horizontal deflection had reached 3".7, the load sustained 
was 40,000 pounds. 



No. 349. 



Duplicate of beam No. 348. 



t* 



04 






4-.W 



\ 



SYS9 > 



Total length, 191".90. 
Total weight, 381 pounds. 
•Gauged length, 150". 
Sectional area, 7.15 square inches. 



r 




k 



♦* 



Ab 



r> 



1 
1 

Loads ap- 


Pounds per 
square Inch. 

1,000 
5,000 
8,000 
10,000 
1,000 


Compres- 
sion. 


Permanent 
set. 


Deflections. 


Remarks. 


plied. 


Horizontal. 


Vertical. 


i 

i Pounds. 
7,150 
35, 750 


Inch. 
0. 

.0208 
.0375 
.0495 


Inch. 


Inch. 
0. 


Inch. 

0. 




- .07 j 0. 

- .13 | 0. 

- .25 ! 0. 


I 57, 200 
i 71, 500 






0. 


0. ! 0. 


. 85, 200 

t 

i 


• «•••• • • • • •"• 


- .82 | 0. 


Ultimate strength. , 

1 



Failed by horizontal deflection. 



No. 350. 
6" I Beam. 



(Rolled by Union Iron Company.) 



ri 

ft * • 

■is 



Length, 119".85. 
Weight, 139 pounds. 



< Jtoa > 



r 



k* 






^ 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 225 

Sectional area, 4.18 square inches. 
Gauged length, 100". 



Loads ap- 
plied. 



Pound*. 

4,180 

20,000 

33,440 

41,800 



50,160 
101, 200 



Founds per 
square inch. 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

24,210 



Compres- 
sion. 


Permanent 
set. 

Inch. 


Inch. 
0. 

.0130 
.0234 
.0302 


1 






0. 


.0372 






1 





Deflections. 







Remarks. 


Horizontal 


Vertical. 




Inch. 


Inch. 


\ 


0. 


0. 




0. 


0. 




— .01 


0. 




— .03 


0. 




0. 


0. 




— .03 


0. 




— .60 




Ultimate strength. 







Failed bv horizontal deflection. 



:No. 351. 

7" I Beam. 
(Boiled by Union Iron Company.) 



8 



•« 






--&* 



t 

m 



jfao 



PS 

7" 



W 



Total length, 180".33. 
Total weight, 303 pounds. 
Sectional area, 6.05 square inches. 
Gauged length, 150". 



Loads ap- 
plied. 

Pounds. 

6,050 

30,250 

48,400 

60,500 


Pounds per 
square inch. 

1,000 

5,000 

8,000 

10, 000 

1,000 

12, 000 

13,900 


Compres- 
sion. 


Permanent 
set. - 

Inch. 


Deflec 
Horizontal. 


tions. 


Remarks. 


Vertical. 

Inch. 
0. 

— .03 

— .04 

— .04 
0. 

— .04 

— .02 


Inch. 
0. 

.0270 
.0445 
.0570 

.0761 


Inch. 
0. 

— .08 

— .15 

— .23 
0. 

— .43 

— .95 


Ultimate strength. 








.0006 


76,200 
84,650 









Failed by horizontal deflection. 
8. Ex. 1 15 
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No. 352. 
8" I Beam. 
(Rolled by Union Iron Company, Buffalo, N. Y.) 



* 
•-«> 






+-:w 



r 






V 



&s 



Total length, 192".04. 
Total weight, 355 pounds. 
Sectional area, 6.65 square inches. 
Gauged length, 150''. 



¥' 



Loads ap- 
plied. 



Pounds. 

6,65© 
83,250 
53,200 

6,650 



Pounds per 
square inch. 



Compree- I Permanent 
&ion. j set. 



1,000 
5,000 
8,000 
10, 000 
1,000 



Inch. 
0. 

.0190 
.0340 
.0430 



Inch. 



— .0010 



. Deflections. 


Horizontal 


Vertical. 


Inch. 


Inch. 


0. 


0. 


+ .07 


— .02 


.11 


— .04 


! 16 


— .04 


] .04 


0. 



Remarks. 



Released strain and changed packing behind the ends. 



79,800 
83,400 



1,000 

5,000 

8,000 

10,000 

1,000 

12, 000 

12,540 



0. 



0. 



0210 
0372 
0485 



0. 



0630 



I 



0. 
0. 

— .05 

— .12 
0. 

— .35 
—1.05 



! 0. 


New gaoginge be- 


0. 


gan. 


0. 




0. 




1 °- 




! o. 




! °- 

i 


Ultimate strength. 



Failed by horizontal deflection. 



Duplicate of No. 352. 



No. 353. 
8" Beam. 



+^T 



« 



*1 



--,*#' 






<b 



Total length, 192".90. 
Total weight, 353 pounds. 
Sectional area, 6.59 square inches. 
Gauged length, 150". 



TESTS OF IRON AND STEEL AND OTHER MATERIALS, 227 



• 

Loads ap- 
plied. 


Pounds per 
square inch. 


Compres- 
sion. 


Permanent 
set. 

Inch. 


Deflections. 


Remarks. 
Ultimate strength. 


Horizontal. 


Vertical. 

. Inch. 
0. 

— .06 

— .10 

— .10 

— .04 

— .10 

— .10 


Pounds. 
6,590 
32,950 


1,000 

ft. AAA 


Inch. 
0. 

.0212 
.0368 
.0470 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 
-f .60 


52. 720 « 000 




66,900 


10 000 

1,000 

12, 000 

14, 010 


"11". 0662' 


79, 080 
92,300 


.0570 




j 



Failed by horizontal deflection. 

After the ultimate load had been passed and the deflection had 
reached about 1".25, the beam suddenly sprung laterally. 

No. 356. 

10" Wrought Iron I Beam. 

(Rolled by Union Iron Company, Buffalo, N. Y.) 




* 

A 

<& 

N 



4-A* 










Total length, 215".88. 
Gauged length, 200". 
Weight, 561 pounds. 
Sectional area, 9.3 square inches. 

Counterweighted at middle. Ends did not come to good bearing j 
required about ".05 brass packing; maximum amount. 



plied. square inch. 



Pounds. 

9,300 

46,500 

74,400 

93,000 

9,300 

111,600 

120,900 

130, 200 

139,500 

9,300 

149,000 

9,300* 



1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

13,000 

14,000 

15,000 

1,000 

16, 020 

" i.ooo 



1 

1 
1 

; Compres- 


Permanent 
set. 

Inch. 


Deflections. 


Remarks. 

Ultimate strength. 
Maximum deflec- 
tion. 


sion. 


Horizontal. 


Vertical. 


Inch. 
0. 

.0271 
.0490 
.0665 


Inch. 
0. 
0. ' 
0. 

0. 

0. 

- .08 

- .05 

- .08 

- .17 
0. 

- .70 


Inch. 

0. 

Os 

-02 
-.04 
-.02 
-.06 
-.06 
-.06 
-.06 
-.04 
-.05 


1 






.0050 


• Von 

.0940 
.1029 
.1125 






.0150 


- . • 




-1. 20 
- .20 





1 ' 






1 




1 



228. TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



No. 357. 
10" I Beam. 

(Union Iron Company, Buffalo, X. Y.) 



*tr.±3 
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V5 



a 






t\ 



s* 



'* \ 
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\ 



Total length, 264".08. 

Gauged length, 250". 

Sectional area, 10.19 square inches. 

Weight, 747 pounds. 

Counterweighted at middle. 



Loads ap- { Pounds per 
plied. square inch. 



Pounds. 
10,100 
50,950 
81, 520 

101,900 



113, 100 



1,000 
5,000 
8,000 

10,000 
1,000 

11,100 
1,000 



Compres- 
sion. 



Inch. 
0. 
.0335 
.0604 
.0785 



Permanent 
set. 



Inch. 



Deflections. 



.0020 



Horizontal. 



Inch. 

0. 

4- -07 

.12 

.25 

.03 

1.00 

.08 



Vertical. 



Inch. 
0. 
+ .02 
.03 
.03 
.02 
.03 
.02 



Remarks. 



Ultimate strength. 



No. 358. 
10" I Beam. 
(Union Iron Company, Buffalo, N. Y.) 
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TESTS OF IRON AND STEEL AND OTHER MATERIALS. 229 

Total length, 264".08. 

Gauged length, 250". 

Sectional area, 10.46 square inches. 

Weight, 767 pounds. 

Counterweighted at middle. 

Ends come to a good bearing. 



Loads ap- ! Pounds per 
plied . . square inch. 



Pounds. 

10, 460 

52, 300 

- 83, 680 

104,600 



107, 800 



82,000 



1,000 
5,000 
8,000 

30,000 
1,000 

10,306 
1,000 

1,000 



Compres- 
sion. 



Inch. 

0. 

.0356 
.0629 
.0820 



Permanent 
set. 



Inch. 



0. 



Per deflection increased 



Deflections. 



Horizontal. Vertical 



Inch. 


Inch 


0. 


0. 


.20 


0. 


.23 


0. 


.70 


0. 


0. 


0. 


1.14 


0. 


.05 


0. 



.36 
3.00 



Remarks. 



Ultimate strength. 



Sustains a f t e r 
above per de- 
flection. 



No. 359. 
15" Wrought-Ibon I Beam. 

(Union Iron Company, Buffalo, N. Y.) 




■•5 




frj 



Total length, 264". 
Gauged length, 250". 
Sectional area, 14.8 square inches. 
Weight, 1,085 pounds. 
Counterweighted at middle. 




230 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



i 

Loads ap- Pounds per Conipres- 
plied. square inch.' 1 sion. 



Pounds. 

14,800 

74,000 

118, 400 

148,000 




1,000 

5,000 

8,000 

10,000 

1,000 

12,000 

12,400 



Inch. 
0. 

.0350 
.0612 
.0852 



Permanent 
set. 



Inch. 



0060 



Deflections. 



Horizontal 



Inch. 
0. 
0. 
0. 

— .07 
0. 

— .20 

— .70 



Vertical. 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



Kemarks. 



Ultimate strength. 



No. 360. 
Wrought-Iron I BEAM. 




l/zS 



I 



Total length, 263".95. 

Gauged length, 250". 

Sectional area, 14.74 square inches. 

Weight, 1,081 pounds. 

Oounterweighted at middle. 

Ends come to good bearing without packing. 





(A 



M 



Loads ap- 
plied. 


Pounds per 
square inch. 


Compres- 
sion. 


Permanent 
set. 


Deflections. 


Remarks. 

Snapping sounds 
heard when load 
exceeded 8,000 
pounds per 
square inob. 

Ultimate strength. 


Horizontal. 


Vertical. 


Pound*. 
14,740 
78,700 

117, 920 

147,400 


1,000 
5,000 
8,000 

10,000 

1,000 

12,000 

12,686 


Inch. 
0. 

.0865 
.0635 

1.0920- 


Inch. 


Inch. 
0. 
0. 
0. 

+ .02 
0. 

.08 
.70 


Inch. 
0. 
0. 
0. 

0. 
0. 
0. 
0. ' 








.0130 


176,480 
187,000 













TESTS OF IKON AND STEEL AND OTHEE MATEEIALS. 

Compression of pin ends of wrought iron posts. 

No. 391. 

Tested with one pin end, one flat end. 
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Ultimate strength, 393,000 pounds. 

Specimen tested with one pin end, one flat end. Pin in vertical posi- 
tion. 

Post failed by deflecting perpendicular to axis of pin, buckling the 
flanges of the channel bars. The eye-plates were bent concave, and 
also the webs of channel bars, from the inside of the post. 

Fracture of the channel-bar web occurred along one row of rivet 
holes, where riveted to eye-plate. 

The pin ends were bent inward. 

Strains were very gradually increased ; yielding took place slowly. 

No. 392. 

Compression of short pin and post. 

Duplicate of No. 391. 

Ultimate strength, 415,000 pounds. 

This post failed in a manner similar to No. 391, but without horizontal 
deflection. Each pin end bent iuward. This failure occurred about the 
same time the channel-bar webs and eye-plates were bent concave from 
the inside of the post. 

The concave bending of the webs was accompanied by outward buck- 
ling of the channel-bar flanges as far as the eye-plate reached. 

(tripling was carried on till one channel-bar web cracked along the 
line of rivets which connects it to the eye-plate. 
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No. 393. 
Tested with one pin end, one flat end. 
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|" rivets, except two end rivets, £" each. 

Same size channels as used in Nos. 391 and 392, punched holes. 

"Ultimate strength, 302,600 pounds. 

Post failed by buckling the web and flanges of channel bars between 
flat end and side plates. 

Secondary bending took place at the pin end, after considerable buck- 
ling had been given the channel bars. 

No. 394. 
Duplicate of No. 393. 
Ultimate strength, 302,200 pounds. 
Failed the same as No. 393. 

Slight bend of pin ends took place about the same time the channel 
bars buckled. 

No. 361. 

Transverse test of wrought iron bar. 

Hammered iron, very full of seams. 
Specimen dressed all over. 





4£ 
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End bearings 20" apart. 

Loaded at middle. 

Middle bearing semicircular, £" radius. 



Loads ap- 
plied. 



Pounds. 

500 

1,000 

1,500 

2,000 

2,500 

3,000 

4,000 

5,000 

6,000 

7,000 

6,000 

9,000 

10, 000 

11,000 

12, 000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

25,000 

27,000 

30,000 

35,000 

40,000 

43,800 



Inch. 
.0036 
.0044 
.0051 
.0061 
.0070 
.0078 
.0097 
.0116 
0131 
.0148 
.0154 
.0183 
.0201 
.0218 
.0236 
. 0257 
.0279 
.0301 
.0333 
.0380 
.0551 
.0901 
.1380 
.177 
.226 
.27 
.35 
.41 
.55 
.85 
1.74 
3.05 
*5.5 



]' A set 
Inch. 

""".oooi" 



.0002 
.6602" 




Remarks. 



Loads released to xero when meas- 
uring A sets. 



0023 



.0066 
.0220 



.1002 

.iti" 



Micrometer removed. 



Ultimate strength. 



♦About. 



Test discontinued when the bar had been bent about 85°. 
A 3" section laid off on the tension side at the middle before the test 
began now measures 4".27. 
Elongation of outside fibers, 42 per cent. 



No. 1590. 
Transverse test of gun iron for South Boston Iron Company. 



Specimen dressed all over. 




\^ 



•^ 



20" 



20" between end supports. 

Loaded at middle. 

Middle bearing semicircular, \" radius. 
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Loads ap- 
plied. 



Pounds. 

600 

1,000 

1,500 

2,000 

2,500 

3,000 

3,500 

4,000 

4,500 

5,000 

5,500 

6,000 

6,500 

7,000 

7,500 

8,000 

8,500 

9,000 

9,500 

10,000 

10,500 

11,000 

11,500 

12,000 

12,500 

13,000 

13,500 

14,000 

14,500 

15,000 

15,500 

16,000 

17,000 

18, 000 

19,000 

20,000 

21,000 

22,000 

23,000 

24,000 

29,600 



Inch. 
.0017 
.0030 
.0040 
.0054 
.0«70 
.0082 
.0088 
.0102 
.0112 
.0124 
.0137 
.0152 
.0160 
.0172 
.0183 
.0194 
.0207 
.0220 
.0230 
.0242 
. 0257 
.0267 
.0299 
.0294 
.0304 
.0317 
.0332 
.0344 
.0357 
.0372 
.0?87 
.0400 
.0427 
.0454 
.0487 
.0520 
.0554 
.0592 
.0630 
.0672 



i ... 



A set. 

Inch. 

.0002 
".'0062" 

.0003 
'.0002 

\666i" 

".'666i" 

'".6662 

"."0665 

".6667" 

".6668 

\66i2 

"\66i4 

".6617 

".6622 

".6627 

'V6632 

.0042 
".0062* 
'".0084' 



Remarks. 



Loads released to zero load when 
A sets were measured. 






.0120 



Ultimate streugth. 



Tensile test of riveted joint in white-oak tanned hose leather. 
Section of 3" hose cut apart and joiut tested. 



So. 324. 



r 



•fc 



* 

<© 




Gross sectional area of leather, 1.17 square inch. 
Ten rivets about 2" diameter. 
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Galvanized rivets and burrs. 

Ultimate strength, 3,100 ponnds = 2,650 pounds per square inch on 
gross section. 

Fractured first through middle sections of joint. 
Fracture occurring on side of joint having burrs. 
Heads of rivets cup-shaped ; burrs flat. 



No. 325. 



Specimen made from same leather as No. 324. 



X 




Two rivets, with flat heads and flat burrs. 
Galvanized rivets and burrs. 
Ultimate strength, 640 pounds. 
Fractured leather next rivet heads. 
Fractures began at rivet holes. 

No. 326. 



Shape 




L 




Two rivets, with cup shaped heads and burrs. 

Galvanized rivets. 

Ultimate strength, 670 pounds. 

Fractures began at rivet holes. 

Tore leather on burr side of specimen. 



No. 61 1 . 



Old specimen of leather hose. 



17 

_L_ 




\ 



T 

« 



i. 



Five rivets, about ".21 diameter, copper, galvanized. 

Leather about rivets coated with verdigris. 

Ultimate strength, 1,280 pounds = 256 pounds per rivet. 

Fractured on the burr side of joint, beginning at middle of specimen. 
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No. 612. 
New specimen of leather hose. 




7 



X 



1 



Twelve rivets, with flat heads and flat burrs. 
Rivets and burrs copper, galvanized. 
Ultimate strength, 4,050 pounds = 337 pounds per rivet. 
Fractures began at each side, on the burr side tearing across four 
rivet holes. 
Opposite side of joint tearing across nine rivet holes. 

No. 613. 



^'/ 



o 



T 



X 



1 



Twelve copper rivets, with cup-shaped heads and cup-shaped burrs; 
heads galvanized. 

Copper burrs not galvanized. 

Ultimate strength, 4,210 pounds = 351 pounds per rivet. 

Fractured across specimen through one row of rivet holes on the 
burr side of the joint. 
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No. 614. 




J* 

X 



< O 




—a 



Twelve copper rivets, with cup-shaped heads and burrs. 
Rivets galvanized, burrs made of brass, not galvanized. 
Ultimate strength, 4,380 pounds = 365 pounds per rivet. 
Specimen fractured on the side of the rivet heads, the fracture begin- 
ning at one edge and tearing across through one row of rivet holes. 
Specimens Nos. 012, 613, and 614 made from the same piece of leather. 

Compression of oast iron. 

DESCRIPTION OP CASTINGS. 

. indicates Providence gun iron, dry sand slack heating. 
. . indicates Providence gun iron, dry sand hot. 
. . . indicates gray iron, dry sand. 
.... indicates gray iron, wet sand. 

Bars cylindrical, in the condition they came from the molds, ends 
faced off. 

Tested between flat steel faces. 

No. 363. 

Mark on bar, . 
Length, 14".9o. 
Diameter, 1".75. 

Sectional area, 2.4 square inches. 
Ultimate strength, 149,200 pounds = 62,170 pounds per square inch. 

No. 364. 

Mark on bar, . . 
Length, 14."97. 
Diameter, 1 ".77. * 
Sectional area, 2.46 square inches. 
Ultimate strength, 167,400 pounds = 68,050 pounds per square inch. 
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No. 365. 

Mark on bar, • . . 
Length, 13".98. 
Diameter, 1".75. 

Sectional area, 2.4 square inches. 
Ultimate strength, 158,000 pounds = 65,830 pounds per square inch. 

No. 366. 

Mark on bar, . . . . 
Length, 14".97. 
Diameter, 1".76. 

Sectional area, 2.43 square inches. 
Ultimate strength, 198,000 pounds = 81,810 pounds per square inch. 

Indentation of copper with circular indenting tool. 
[Three cuts made in eaob copper.] 
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Size of copper. 
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| Number of exp 
' ment. 
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P. 
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M 
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H 
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C 5*. 

- 2 
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c 
.a 
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JS 
es 








Ine)u 


Inch. 


Inch. 


C 500 


Inch. 

.50- 


Inch. 




3*7 


A 


.94 


1.6 


.48 \{ 500 

;( 500 

:( 750 


.49 
.50- 

.58$ 


V .497 




368 

i 


B 


.94 


1.6 


.48 < 750 

. ( 750 

i 1,000 

.48 < 1,000 


.58 

.58| 
.64} 


( .583 




369 


C 


.96 


1.6 


.03£ 


{ .64 














( 1, 000 


.64 
















C 1, 250 


.71 


m 




370 


D 


1.04 


1.6 


.48 < 1,250 

( 1, 250 

, C 1, 500 


.70- 

.70$ 
.75 


\ .705 


( Percepti 
\ coppei 


371 


E 


1.10 


1.6 


.48 < 1, 500 


.73 


K .743 










(1,500 


.75- 












(2,000 


• ©%$ 






372 


F 


1. 23 


1.6 


.48 ,<2,000 

i ( 2, 000 

(2,500 


.83| 

.84 

.90$ 


V .84 




373 


H 


1.43 


1.6 


.48 i<2,500 

'(2,500 

C3,000 


.89 
.90 
.98 


S .898 




374 


G 


1.44 


1.6 


. 48 ] < 3, 000 

( 3, 000 

;(l,500 


.95 

. 96 

1.02 


S .963 




375 


I 


1.52 


1.6 


.48 <3,500 
(3,500 
14,000 

.48 ,{4,000 


1.00 
1.02 
1.08| 


Si. 01+ 




376 


J 


1.52 


1.6 


1.06 


[ 1.(74 














(4,080 


1.08 
















(4,500 


1.124 






377 


K 


1.54 


1.6 


.48 


<4,500 
(4,500 
(5,000 


1.10- 

1.124 

1.174 


> 1.117 

* 




878 


L 


1.69 


1.6 


.48 


<5,000 


1.14| 


Si. 163 












(5,000 


1.17- 
















(6,000 


1.25 






379 


M 


1.84 


1.6 


.48 


<6,000 


1.21 


Si. 23 














(6,000 
)7,000 


1.23 
1.31 






380 


N 


1.90 


1.6 


.48 


>7,000 


1.274 
1.29J 


Si. 293 














J7.000 
















(8,000 
<8,000 


1.374 
1.33| 


§ 




3fU 





1.99 


1.6 


.48 


> 1.355 












1 ( 8. 0(0 


1354 


& 
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Remarks. 



Perceptible swelling of the eidea of 
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The lengths are recorded in the order they were made. The cuts 
were spaced so as to divide the width of each copper into four equal (or 
nearly so) parts. 

An outside cut was made first, then the middle cut, and finally an 
outside cut. 

REMARKS ON THE COMPRESSION TESTS OF TIMBER POSTS. 

Posts were tested in a horizontal position between flat cast-iron plat- 
forms. Those of rectangular cross-section were placed in the testing- 
machine with their longer sides vertical. 

The vertical dimension is recorded in the notes as depth of post; the 
horizontal dimension, width of post. 

To insure straightness the sticks were dressed immediately before 
testing. Such as were found badly warped before dressing were meas- 
ured, and the amount of deflection recorded on the sketches. The letter 
e in connection with figures shows how much the stick was concave on 
that side. The letter x shows that the side to which it refers was con- 
vex before dressing. It was intended to determine whether the dis- 
tortion of seasoning fixed the direction of deflection when tested as a 
post. 

The deflections while under test were indicated by a pointer secured 
to the middle of the post and having an arm about 24" long, reaching 
out to a dial secured to one of the main screws of the testing-machine. 

It was observed that many sticks took an apparent deflection in the 
direction parallel to their longer side. This led to the employment of 
a pointer about 48" long, which was secured at its middle to the post. 

Readings taken on each side showed that the posts frequently had a 
spiral movement when loaded. 

Compressions were measured within the gauged length. The ends 
of the measuring rods were secured in center punch-marks in the heads 
of screws driven in the wood. 

The direction of the rings of yearly growth are correctly represented 
on the sketches of the specimens. 

COMPRESSION TESTS OF WHITE-PINE POSTS. 

No. 511. 




Weight, 7 pounds. 

Sectional area, 30.25 square inches. 

Ultimate strength, 108,000 pounds = 3,570 pounds per square inch. 

Fibers crushed at middle of block. 



No. 491. 




Jtaihsne. 



J9.19S 




Weight, 26J pounds. 

Sectional area, 30 square inches. 

Gauged length, 50". 
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Loads ap- 


plied. 


Pounds. 


3,000 


15,000 


3,000 


30,000 


3,000 


45,000 


3,000 


60,000 


3,000 


111,000 



Pounds per 
square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

3,700 



Compres- 
sion. 

Inch. 
0. 


Permanent 
set 

Inch. 


.0145 






.0005 


.0340 




.0 


.0540 





Remarks. 





.0003 


.0738 




.0 









Ultimate strength. 



Failed suddenly by the fibers crushing at a knot 14" diameter 14" 
from end of post. 



No. 492. 



j'r.&r-e9 crtxsAst/. 



S 



f/ is. 
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Weight, 31 pounds. 

Sectional area, 30 square inches. 

Gauged length, 50". 



Loads ap- 
plied. 



Pounds. 

3,000 
15, 000 

3,000 
30,000 

3,000 
45, 000 

3,000 
60,000 

3,000 
99,300 



Pounds per 
square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

3,310 



Compres- 
sion. 



Permanent 
set. 



Inch. 
0. 
.0195 


Inch. 




0. 


.0450 


.0005 


. . 0708 
.0962 


.0010 
.0015 












Remarks. 



Post free from knots. 



Ultimate strength. 



Failed suddenly by the fibers crushing 15" from end of stick. 



No. 493. 






^ 






2 a:' 



>. t /'ce iZccr'e . 



<. vr*r^---^ 



"^T- 



JO'JlQ 



Weight, 43J pounds. 

Sectional area, 30.4 square inches. 

Gauged length, 50". 
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Loads ap- 
plied. 



Pounds. 

3,040 
15,200 

3,040 
30,400 

3,040 
45,600 

3,040 
60,800 

3,040 
67,400 



Pounds per 
square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

2,217 



Compres- 
sion. 



Inch. 
0. 
.0280 



Permanent 
set. 



Remarks. 






Inch, 



.0639 

.1626" 

7i580" 



.0010 

.0620" 

.0035 

".*6i22" 



This stick contains 12 knots 
from f" to 21" diameter. 



Ultimate strength. 



Fibers crashed and longitudinal seams opened 28" from end of stick, 
in the vicinity of several knots. 



No. 494. 



fibres crushed* 




1^, 



9<ti0 



Weight, 37 J pounds. 

Sectional area, 29.9 square inches. 

Gauged length, 50". 



Loads ap- 
plied. 


Pounds per 
square inch. 


Compres- 
sion. 


Permanent 
set. 

Inch. 


Remarks. 


Pounds. 
2,990 

14 950 


100 

!UV1 


Inch. 
0. 
.0150 


Stick contains eleven knots, 1' 
diameter. 

Ultimate strength. 


2, 990 100 

29, 900 ; 1, 000 

2,990 | 100 

44, 850 < 1, 500 

2,990 i 100 

1 59,800 2,000 

I 2, 990 100 

70 800 1 *>. 3AA 


0. 


.0340 


.0002 


.0535 


.0005 


.0748 


.0010 






1 -»- 
1 







Failed at Ave knots 16" from end. 



No. 495. 




90:16 






I^. 



Weight, 45 pounds. 
Sectional area. 29.8 square inches. 

Ultimate strength, 74,100 pounds = 2,487 pounds per square inch. 
Failed from 20" to 25" from end where the stick was cross-grained 
and had some knots. 
S. Ex. 1 16 
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No. 512. 



$ 




^^ 



:ZM2r* 



Weight, 62£ pounds. 
Sectional area, 30.1 square inches. 
Ganged length, 100". 
Not connterweighted. 



! 

Loads 

applied. 


Pounds 
per 

square 
ineh. 

100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 


Compres- 
sion. 


Perma- 
nent set. 


Deflections. 


Remarks. 


Horizontal 


YertfoaL 


Pounds. 

8,010 
15,050 

8,010 
80,100 


Inch. 
0. 
.0345 


Inch. 


Inch. 
0. 


Inch. 

0. 


» 

\ 

• 

i 

Ultimate strength- 




.01 o 


0. 


0. 

.03 
0. 
^ .07 
0. 

.10 
0. 

.07 

.17 


0. 

— .06 
0. 

— .08 
0. 

— .10 

— .01 

— .12 
-\18 


.0775 


.0008 


45,150 


.1206 


.0018 


60,200 


.1656 


.0025 


70,000 
80,000 
82,000 










2,724 















Failed at some knots 40" from end. Maximum deflection occurred 
at this point. 

No. 519. 




JJtOZC 



Sectional area, 29.7 square inches. 
Gauged length, 100". 
Weight, 49£ pounds. 
Not counterweighted. 



Loads 
applied. 


Pounds ! 
per Compres- 


Perma- 
nent set. 


Deflections. 


square 
inch. 

100 
500 
100 

1,000 
100 

1,600 
100 

2,539 


sion. 


Horizontal. 


Vertical. 


Pound*. 

2,970 

14,850 


Inch. 
0. 
.0325 


Inch. 


Ineh. 
0. 

o. 

0. 


Ineh. 
0. 
0. 

A. 




— .0006 


29,700 


.0765 


0. ft- 


— .0004 


0. 
0. 
0. 


0. 
0. 


44,650 


.1220 


— .0004 


75, 400 















Remarks. 



Ultimate strength. 



Failed at some knots near middle of stick. Deflecting sideways. 
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No. 520. 







120.^0 



Sectional area, 29.7 square inches. 
Gauged length, 100". 
Weight, 59£ pounds. 



Loads 
applied. 



Pounds. 

2,970 

14,850 



29,700 



44,550 
"«,'700" 



Pounds 

per 
square 

inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,077 



J 



Compres- 
sion. 



Inch. 

o. 

.0350 


Perma- 
nent set. 

Inch. 


Deflections. 


Remarks. 


Horizontal. 


Vertical. 


Inch. 
0. 
0. 
0. 


Inch. 
0. 
0. 
0. 


* 




.0005 
*".*0007*' 


.0770 

• 


0. j .04 
0. ' 0. 


I 


,1210 


0. 

0. 

— .06 


.08 
0. 
.15 


Ultimate strength. 


.0015 









Failed at some knots 30" from end. 

No. 516. 







JSOZj 



Sectional area, 29.8 square inches. 
Gauged length, 100". 
Weight, 60 pounds. 
Counterweight at middle, 30 pounds. 





Pounds 


Loads 


per 


applied. 


square 




inch. 


Pounds. 




2,980 


100 


14,900 


500 





100 


29,800 


i,roo 


 a • 


100 


44,700 


1,500 




100 


59,600 


2,000 


68,000 


2,282 



Compres-j Perma- 
sion. ' nent set. 



Deflections. 



Horizontal. 



Inch. 
0. 
.0195 

"iois" 

".1602 



Inch. 

"."ooio" ! 

".6620* '■ 

.6630 ; 



Inch. 
0. 

— .04 
0. 

— .10 
0. 

— .15 

0. 

— .25 



Vertical. 



Inch. 
0. 

— .01 
0. 

— .06 
.0 

— .09 

— .01 

— .12 



Remarks. 



Ultimate strength. 



Failed at a group of knots 64" from end. 

This post had groups of knots at intervals along its length of 18" to 
24". The failure occurred at the third group from the end. 

Post now sawed apart and a block (No. 516 1 , 12" long) obtained free 
from knots, also a block (No. 516 2 , 12" long) containing a group of knots. 
Their ultimate compression strength obtained as below. 

Blocks tested seven days after original test. 

Block No. 516 1 (free from knots): Ultimate strength, 101,900 pounds 
= 3,420 pounds per square inch. 

Block No. 516 2 (contains sevenknots from \" to 1" diameter): Ultimate 
strength, 89,500 pounds = 3,003 pounds per square inch. 
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Block K«. SIB'. Block No. 516', 



Sectional area, 30.25 square inches. 
Weight, 70 pounds. 
Counterweight at middle, 35 pounds. 
Gauged length. 100". 






3,(125' 
15,125 


100 

100 

'ioo 

1,500 
2,000 


Inch. 
.1340 


I 


M. 


Inch. 
— .05 


luck. 


0. 






30,250 


.0700 




5. 






46,375 






«M 




80,500 













Ultimate strong th. 



Failed at a group of knots 58" from end. 
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No. 518. 



4 




Sectional area, 30.25 square inches. 
Weight, 67£ pounds. 
Gauged length, 100". 
Counterweight at middle, 34 pounds. 



| Pound s 
Loads per 

applied. | square 
inch. 



Pound*. 

3,025 

15, 125 




Compres- 
sion. 



Perma- 
nent set. 



Inch. 
0. 


Inch. 


.0272 






0. 


.0625 


.0010 


.0980 






.0010 











Deflections. 



Horizontal. 



Inch. 
0. 
9. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



Vertical. 



Ineh. 

0. 

0. 

0. 

0. 

0. 
.05 

0. 

.10 
.12 



Bemarks. 



Ultimate strength. 



Failed at a group of knots 31" from end. 



No. 513. 



* 




66: 



**$ 




aa*?Mr 



Sectional area, 29.9 square inches. 
Ganged length, 100". 
Weight, 84£ pounds. 



Loads 


Pounds 
per 


Compres- 
sion. 


Perma- 
nent set 


Deflections. 


Bemarks. 


applied. 


square 
inoh. 


Horizontal 


Vertical. 


Pounds. 

2,090 

14, 950 

29,900 


100 
500 
100 

1,000 
100 

1,500 
100 

1,806 


Ineh. 
0. 
.0300 


Inch. 
0. 


Ineh. 
0. 
0. 


Ineh. 
0. 
0. 


Ultimate strength. 




.0675 




— .01 
0. 

— .06 

+ .04 


.10 
0. 

.29 
— .04 


0. 


44,850 


.0950 


— .0010 


54,000 













Failed at a group of knots 66" from end, deflecting sideways and 
Upward. 
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No. 514. 






2JC 



i8or& 



Sectional area, 30 square inches. 

Gauged length, 100". 

Weight, 90 pounds. 

Counterweight at middle, 45 pounds. 

Initial bend before dressing down from size, 6" x 6" : Horizontal, + ".25 . 





Loads 
applied. 


Pounds 

per 

square 

inch. 


Compres- 
sion. 

Inch. 
0. 
.0158 


Perma- 
nent set. 


Deflections. 


Remarks. 




Horizontal 


Vertical. 




Pounds. 

6,000 

15,000 


200 

500 

200 

1,000 

200 

1,500 

2,000 

2,500 

3,000 

3,117 


Inch. 


Inch, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.02 
.09 


Inch. 
0. 
0. 
0. 












6. 






30,000 


.0420 


0. I 




0. 


0. 




45,000 
60,000 
76,000 
90,000 
03,600 




! 








06 ' 








.11 








.28 










Ultimate strength. 













Failed by deflecting upward and sideways. 

Fibers crushing at some knots 14" from end A, and at some knots 
24" from end B. 

No. 515. 

Txsc 



-* 



.39X 



J80."sa 



Sectional area, 28.4 square inches. 
Gauged length, 100". 
Weight, 91 pounds. 
Counterweight at middle, 45 pounds. 

Initial bend in post before dressing down from size 6" x 6" : Hori- 
zontal, -".38; vertical, —".25. 

No. 521. 




.2JJC 



^ 



*49C 



aio.'b* 



Sectional area, 28.6 square inches. 
Weight, S6£ pounds. 
Counterweight at middle, 48 pounds. 

Initial bends in stick before dressing down from size 6" x 6" : Hori- 
zontal, +".43; vertical, +".25. 
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. . . . _. .. - - m  

Deflections. 




Loads ap- 






Remarks. 


plied. 






i 


Horizontal. 


Vertical. 




Pounds. 


Inch. 


Inch. 




! 2,000 


0. 


— .13 




! 4,000 


0. 


— .13 




t 6,000 


0. 


— .11 




i 8, 000 


0. 


— .10 




1 10,000 


0. 


— .10 




12,000 


0. 


— .10 




14,000 


0. 


— .10 




16,000 


.02 


— .10 




18,000 


.03 


. — .09 




i 20,000 


.04 


1 — .08 




22,000 


.05 


— .07 




24,000 


.07 


— .07 




, 26,000 


.09 


— .07 




! 28,000 


.10 


— .07 


i 


30,000 


.11 


— .06 




32,000 


.12 


— .06 




34,000 


.14 


— .05 




36,000 


.16 


— .06 




38,000 


.18 


— .05 




40,000 


.20 


— .05 




42,000 


.24 


— .05 




! 44,000 


.28 


— .05 




48,000 


.44 


— .07 




50, 000 


.55 


— .10 




i 52,000 


.90 


— .20 




53,000 


1.27 


— .40 


Ultimate strength =1,853 pounds 


1 






per square inch. 



Deflected sideways and downward. 

Crushed fibers in vicinity of small knots (£" diameter) at middle. 



No. 522. 




^ 



Z*3C 



2lO?£S 



Sectional area, 29 square inches. 
Weight, 101 pounds. 
Counterweight at middle, 50 pounds. . 

Initial deflection in stick before dressing down from size 6" x 6": 
Horizontal, + ;/ -43- 



Loads ap- 
! plied. 



Pounds. 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 
40,000 
40,500 



Deflections. 




i 


Remarks. 




Horizontal. 


Vertical. 




Inch. 


Inch. 




0. — . 15 




0. ! — . 15 




0. — .16 




0. i — . 16 




0. — . 17 




0. — . 17 




0. 


— .17 




0. 


— .18 




0. 


— .19 




0. t —.80 




0. 


— .21 




' 0. 


-.24 




0. 


— .26 




0. 


— .29 




1 0. 


— .32 




0. 


— .38 




! — .02 


— .45 




— .03 


— .52 




i —.06 


— .72 




— .14 


—1.06 




i -' M 


—1.48 


Ultimate strength = 1,396 pounds 


i 

I 




per square inch. 
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Deflected sideways and downward, opening seam (wind shake) on 
concave side. 



No. 523. 



# 




- - > 



.38 C 



3T 



2JJD?22 



Sectional area, 28.5 square inches. 
Weight, 95 pounds. 
Counterweight at middle, 47 pounds. 

Initial deflection before dressing down from size 6" x "6 : Horizontal, 
+ ".38. 





i 


Deflections. 






Loads ap- 
plied. ! 


! Remarks. 






i 

i 


Horizontal. 


Vertical. ; 

i 


- — - - — — - — 




Pom 


Inch. 


l 
Inch. I 


2,000 


+ 06 i ~'li ! I 


4,000 


.09 ! —.07 


6,000 


.09 J —.04 




8,000 


.09 — .03 




10,000 


.09 


— . 01 




12,000 


.09 


0. 




14,000 


.09 ! 0. 




16,000 


.09 > .01 ' 




18,000 


.10 1 • .01 | 


l 

 


20,000 


.10 .01 i 




22,000 


.11 1 .01 i 




24,000 


.12 , .01 




26,000 


.13 .01 ! 




28,000 


' .14 ' .01 " 1 




30,000 


.15 ! .01 


1 


84,000 


.17 | .01 J 


88,000 


.20 I .01 


42,000 


.24 1 .01 




46,000 


.29 i 0. 




60,000 


.36 i —.02 


54,000 


. 47 > — . 06 , 


60,000 


.70 j —.19 


i 


64,000 


1.19 —.50 


( 


64,800 


1 


TJ ltimate strength = 2,274 pounds ' 


i 


per square inch. ! 

1 


No. 524. 


Sfeto 




\ 




^(98 




Tjujc 




^ 









Sectional area, 27.8 square inches. 
Weight, 109£ pounds. 
Counterweight at middle, 55 pounds. 

Initial deflection of stick before dressing down from original size 
6"X"6: Horizontal, — ".25. 
Seven knots in post, from f " to 1£" diameter. 
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Deflections. 


i 
1 


Loads ap- 
plied. 




Remarks. 








Horizontal. 


Vertical. 




Pounds. 


Inch. 


Inch. 




2,000 


.0 


.0 




4,000 


— .04 


.0 




6,000 


— .06 


— .02 




8,000 


— .08 


— .04 




10,000 


— . 10 — . 06 




12,000 


— .12 


— .08 




14,000 


— .14 


— .10 




16,000 


— .16 


— .13 




18,000 


— .18 


— .16 




20,000 


— .19 


— .19 




22,000 


— .21 


— .22 




24,000 


— .22 


— .26 




26,000 


— .26 


— .29 




28,000 


— .26 


— .83 




30,000 


— .29 


— .38 




32,000 


— .32 


— .42 




34,000 


— .35 


— .50 




86,000 


— .40 


— .60 




38,000 


— .44 


— .68 




40,000 


— . 51 — . 82 




42,000 


— .62 


1.04 




44,000 


— .79 


1.30 




45,000 


1.30 


1.20 


Ultimate strength = 1,619 pounds 




| 


per square inch. 



Fibers crushed at knot near middle of post. 

No. 525. 




suoSar 



Sectional area, 27.9 square inches. 
Weight, 106J pounds. 
Counterweight at middle, 53 pounds. 





Deflections. 




i Loads ap- 






Remarks. 


1 plied. 








Horizontal. 


Vertical. 




Pounds. 


Inch. 


Inch. 




2,000 


.04 


— .17 




4,000 


.04 


— .17 




6,000 


.04 


— .19 




8,000 


.04 


— .20 




10,000 


.04 


— .21 




12,000 


.06 


— .22 




14,000 


.07 


— .24 




16,000 


.10 


' —.26 




18,000 


.12 


— .28 




20,000 


.14 


— .30 




22,000 


.17 


— .33 




24,000 


.20 


— .36 




24,000 


.20 


— .36 


Sustained load 5 minutes. 


26,000 


.24 


— .40 




28,000 


.30 


— .45 




30,000 


.36 


— .50 




32,000 


.45 


— .58 




34,000 


.55 


— .66 




36,000 


.73 


— .80 




38,000 


. 96 


—1.00 




39,500 


1.70 


—1.60 


Ultimate strength = 1,416 pounds 
per square inch. 



Failed at two knots ($" x 1&" diameter) at middle of post. 
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ffo. 526. 




_^ 



.2SJG 



Sectional area, 27.8 square inches. 

Weight, 95 pounds. 
£g Counterweight at middle, 47 pounds. 

Initial deflection in stick before dressing down from size 6" x 6" 
Horizontal, — ".25. 





Deflections. ! 


Loads ap- 
plied. 




Horizontal. 


Vertical. 


Pound*. 


Inch. 


Inch. ' 


2,000 


— .05 


0. 


4,000 


— .05 1 0. 


6,000 


— . 05 ! 0. 


8,000 


— . 04 0. 


10,000 


— .03 


0. 


12,000 


— .03 


.01 


14,000 


— . 03 .01 


16,000 


- .02 


.02 


18, MO 


— .01 


.03 


20,000 


0. 


.04 



Remarks. 



22,000 
24,000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
37,000 



0. 

.01 
.03 
.05 
.00 
.14 
.27 

1.88 



.05 
.05 
.06 
.07 
.08 
.10 
.10 
.10 
.80 



Ultimate strength =1,331 pounds 
per square inch. 




No. 505. 



'fsoc 



^s 



2TO* 



Weight, 110 pounds. 
Counterweight at middle, 55 pounds. 
Sectional area, 26.7 square inches. 

Initial bends in post before dressing down from size 6" x 6" : Hori- 
zontal + ".50 ; vertical, + ".38. 



Loads ap- 
plied. 


Deflections. 


■m 






Remarks. 


Horizontal. 


Vertical. 




Pounds. 


Inch. 


Inch. 




2,000 


.04 


0. 


" 


4,000 


.04 


.02 




6,000 


.04 


.06 




8,000 


.04 


.11 




10,000 


.04 


.13 




12,000 


I .04 


.15 




14,000 


f + .02 


.16 




16,000 


.0 


.18 




18,000 


- .01 


.20 




20,000 


— .02 


.21 




22,000 


- .05 


.24 




24,000 


— .08 


.26 




26,000 


- .11 


.28 




28,000 


- .15 


.30 




80,000 


- .22 


.34 




32,000 


-.33 


.40 




34,000 


— .50 


.50 




36,000 


— .90 


.60 




37,000 


-2.50 


.90 


Ultimate strength =1*386 pounds 
 per square inch. 
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Failed by deflecting sideways and upward. When deflection reached 
3" sideways, the post suddenly sprung, increasing the deflection to 8". 



No. 506. 




_^ 



_^ 



2TQ?23 



Weight, 113 pounds. 

Counterweight at middle, 56 pounds. 

Sectional area, 27.1 square inches. 

Initial bend before dressing down from size 6" x 6": Vertical,— ".38. 





Deflections. 


Loads ap- 






plied. 








Horizontal. 


Vertical 


Pounds. 


Inch. 


Inch. 


2,000 


0. 


0. 


4,000 


-.02 


— .02 


6,000 


— .05 


— .05 


8,000 


-.08 


— .05 


. 10,000 


— .08 


— .06 


12,000 


-.11 


— .09 


14,000 


— .14 


— .10 


16,000 


— .16 


-.11 


18,000 


-.18" 


— .12 


20,000 


-.21 


— .14 


22,000 


— .25 


— .15 


24,000 


— .30 


— .17 


26,000 


— .34 


— .18 


28,000 


— .40 


— .20 


30,000 


— .48 


— .20 


32,000 


— .58 


— .21 


34,000 


— .80 


— .20 


35,000 


—1.05 


— .20 


36,000 , 


— L35 


— .20 


37, 000 ' 


—1.92 1 


— .20 


37, 200 






i 





Remarks. 



Ultimate strength =1, 373 pounds 
per square inoh. 



No. 507. 




fas ^x 



rrj-x 



aroi'a* 



rz^ 



Weight, 118 pounds. 

Counter weight at middle, 59 pounds. 

Sectional area, 26.8 square inches. 

Initial deflection before dressing down from size 6" x 6" : Horizontal, 

".75; vertical, + "-25. 
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Loads ap- 
plied. 



Deflections. 



Pounds. 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 
24,000 
26,000 
28,000 
80,000 
82,000 
34,000 
36,000 
88,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
46,700 



Horizontal 



Inch. 

— .19 

— .11 

— .10 

— .09 

— .08 

— .08 

— .09 

— .10 

— .10 

— .12 

— .14 

— .15 

— .16 

— .20 

— .22 

— .27 

— .30 

— .35 

— .42 

— .50 

— .56 

— .66 

— .78 

— .98 
-L21 
—1.60 
—2.40 



Remarks. 



Vertical. 



Inch. 
.05 
.08 
.10 
.12 
.13 
.14 
.15 
.16 
.18 
.19 
.20 
.21 
.24 
.25 
.26 
.80 
.32 
.35 
.40 
.43 
.50 
.51 
.55 
.60 
.65 
.70 
.75 



Ultimate strength = 1,748 pounds 
per square inch. 




ffo. 502. 



^ 



Weight, 127 pounds. 
Counterweight at middle, 63 pounds. 
Sectional area, 27.7 square inches. 

Initial bend in stick before dressing down from size 6" x 6" 
cal, + ".38. 



Verti- 



Loads ap- 
plied. 



Pounds. 
2,000 
4,000 
6,000 
8,000 
10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
80,000 
80,900 



Horizontal. 



Deflections. 

Vertical. 



Inch. 

— .17 

— .17 

— .17 

— .20 

— .22 

— .24 

— .27 

— .30 

— .34 

— .37 

— .40 

— .42 

— .46 

— .50 

— .54 

— .60 

— .65 

— .74 

— .87 
— L08 
—1.48 



Remarks. 



Inch. 

.32 

.35 

.38 

.40 

.42 

.46 

.50 

.52 

.58 

.64 

.70 

.75 

.80 

.86 

.96 

1.08 

1.20 

1.85 

L60 

1.98 

2.70 



Ultimate strength = 1, 116 pounds 
per square inch. 



Failed by deflecting upward and sideways. 
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No. 503. 



?as, r. 



1^ 



fso C 



300'.' 94- 



Weight, 125 pounds. 
Counterweight at middle, 62 pounds. 
Sectional area, 27.6 square inches. 

Initial bend in post before dressing down from size 6" x 6": Hori- 
zontal, + ".50; vertical, — ".25. 



1 


Deflections. 




i Loads ap- 
! plied. 


: : 





Remarks. 


t 

1 


Horizontal. 


Vertical. 




Pounds. 


Inch. ' 


Inch. 1 




2,000 


+ .56 


— .30 




4.000 


+ .56 


— .26 




! 6,000 


+ .56 


-.25 




I 8, 000 


.58 


- .24 




1 10,000 


.62 


-.25 




i 12,000 


.69 


— .26 




i 14, 000 


.75 


— .27 




I 16, 000 


.84 


— .29 




18,000 


.95 


— .31 




i 20, 000 


1.10 


-.35 




' 21, 000 


1.19 


— .37 




i 22, 000 


i 1.30 


— .40 




! 23,000 


i 1.40 


— .45 




1 24, 0Q0 


1.60 


— .50 




i 25, 000 


; 1.85 


— .60 




25,800 






Ultimate strength = 
per square inch. 


! 





This post had two knots at middle about If" diameter each, and 
corners near middle chipped off J" chamfer. 

When post passed maximum load and deflected sideways and down- 
ward it splintered near middle, in the vicinity of the knots. 



No. 504. 



* 



^£ 



■fracture . 




soo.'ar 



Weight, 127 pounds. 
Counterweight at middle, 62 pounds. 
Sectional area, 27.6 square inches. 

Initial bend in post before dressing down from size 6" x 6": Verti 
cal, +".25. 





l 
Deflections. ! 


Loads ap- 




plied. 


1 1 


: 


Horizontal. Vertical, j 

! 


i Pound*. 


Inch. 


Inch. ' 


1 2,000 


+ .35 


— .23 


j 4,000 


.36 — .22 


1 6,000 


.37 - .19 


8,000 


.39 I - .16 


10,000 


.41 - .12 


12,000 


.45 i - .06 


14,000 


.50 ! -f . 02 


1 16, 000 


.55 i .14 




' 18,000 


.63 .31 




! 20,000 


.79 .64 




! 21, 000 


.93 .95 




, 22,000 


1. 24 1. 60 




' 22, 200 


# i 


TJ 











Remarks. 



Ultimate strength = 804 pounds 
per square inch. 
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Failed by deflecting sideways and upward. 

Sprang suddenly and fractured at some knots near middle. 

Oblique fracture. 

No. 496. 



?*S,X 




-& 



?3SC 



4$*."MS 



Weight, 169 pounds. 

Counterweight at middle, 85 pounds. 

Sectional area, 28.4 square inches. 

Before dressing down from 6" x 6" stick, the post was deflected at 
middle: Horizontal, +".38; vertical, +".25, being convex on the heart 
side. 



Loads ap- 
plied. 



Deflections. 



Pound*. 

1,000 

2,000 

3,000 

4,000 

5.000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

10,000 

17,000 

18,000 

19,000 

20,000 

10,000 

20,000 

21,000 

22,000 

23,000 

24,000 

25,000 

26,000 

27,000 

28,000 

29,000 

30,000 

31,000 

32,000 

32,500 



Horizontal. 



Inch. 

0. 

0. 

.02 

.02 

.02 

.03 

.05 

.06 

.08 

.10 

.11 

.13 

.14 

.15 

.17 

.18 

.20 

.22 

.25 

.10 

.25 

.27 

.30 

.35 

.40 

.45 

.50 

.58 

.68 

.80 

. 99 
1.20 
1.70 



Vertical. 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

.02 

.04 

.05 

.06 

.Of 

.10 

.11 

.12 

.14 

.17 

.20 

.21 

.24 

.27 

.11 

.27 

.30 

.34 

.38 

.41 

.47 

.52 

.5$ 

.67 

.77 

.93 
1.12 
1.60 



Remarks. 



ITltimate strength = 
per square inch. 



1,144 pounds 



Failed by deflection sideways and upward, taking a sudden spring 
immediately after the maximum load was reached. 
The deflections followed the initial bend the stick had before dressing 
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No. 497. 




T9TX 



2^ 



fjSJC 



M9*0 



Weight, 173 pounds. 
Counterweight at middle, 85 pounds. 
Sectional area, 28.6 square inch. 

Before dressing down from 6"x 6" stick, post had initial deflection: 
Horizontal, —".38; vertical, +".38. 



! 





Deflections. 




Loads ap- 
plied. 


f 

1 


--_ — 


Remarks. 




Horizontal I 

:.• J. 

Inch. 


Vertical. 
Inch. 


• 


Pounds. 




1,000 


0. 


0. 




2,000 


0. 


— .02 




3,000 


0. 


— .04 


; 


4,000 


°- i 


— .04 




5,000 


o. ! 


— .04 




6,000 


o. ; 


— .04 




7,000 


0. ! 


— .94 




8,000 


— .02 


— .04 




9,000 


— .05 j 


— .04 


i 


10,000 


— .06 


— .03 




11,000 


-.07 


— .02 


i 


12,000 


— .08 


— .01 


i 


13, 000* 


— .10 


0. 


• 


14,000 


— .11 


0. 


i 


16,000 


— .11 


0. 


1 


16,900 


-.14 


.01 


t 


17,000 


— . 16 i 


.03 


i 


18,000 


— .18 ' 


.04 


i 


19,000 


- .29 


.05 


i 


20,000 


— .23 


.07 




21,090 


— .27 


.09 




22,000 


— . 81 


.11 




23,000 


! —.34 


.14 


i 


24,000 


— .38 


.16 




25,000 


— .44 


.18 


, 


26,909 


— .51 


.22 


i 


27,000 


— .58 


.28 




28*000 


— .70 


.32 




29,090 


, — .86 


.40 




80,000 


—1. 06 


.49 




31,000 


—1. 32 


.56 




32,000 






Ultimate strength =c 1, 119 p 
per square inch. 


i ' 





Failed by deflection sideways and upward, following the initial direc- 
tion of the bends in the upward movement and contrary to the sideways 
initial bend. 



< is? x 


No. 498. 


B 


■fc.fe* 




. ^ 


^ 


^IH 


*J3JC 






JJ*'J*0 





Weight, 157 pounds. 

Sectional area, 28.6 square inches. 

Counter weight at middle, 78 pounds. 

Initial bend in post before dressing down from 6"x6" square: Hon, 
zontaj, -".38; vertical, -".50. Piece 5".35x".70x".35 set in end A 
12" from end of stick. 
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Deflections. 






Loads ap- 
plied. 




Remarks. 












Horizontal. 


Vertical. 






Pound*. 


Inch. 


Inch. 


. 


* 


1,000 


0. 


0. 






2,000 


0. 


0. 






3,000 


0. 


■f .01 






4,000 


0. 


.02 






5,000 


0. 


.04 






6,000 


— . 01 1 .05 






7,000 


— .02 


.07 






8,000 


— .02 


.08 






9,000 


— .03 


.09 






10,000 


— . 04 i .10 






11,000 


— .04 


.11 






12,000 


— .04 


.12 






13,000 


. — .04 


.14 






14,000 


— . 03 .15 


. 


15, 000 


— . 03 . .16 


1 

i 


16,000 


! — . 02 .18 




» 17, 000 


- . 02 .20 


i 
i 


18,000 


— . 01 .21 




1 


19,000 


— . 01 .22 




 


20,000 


0. .24 






21, 000 


, 0. .26 






22,000 


+ .il I .28 




• i 


23,000 


.02 : .31 






24,000 


.04 .34 






25,000 


.06 .38 






26, 000 


.12 .48 






l 27,000 


.23 ! .65 






' 28, 000 


.67 , 1. 25 


Ultimate strength = 979 pounds 
per sqnare inch. 




I 
1 









Failed by deflection sideways and upward, taking a contrary direction 
to the upward initial bend in the post but continuing the initial side- 
ways bend. 

The piece set in near end A did not appear to have caused weakness 
and given direction to final deflection, although it was on the concave 
side at final failure. 

compression of white-pine posts — (Continued). 

Specimens from sUtclc 8" x 10", 6" x 16", 7" x 16", and 9" x 17". 

No. 569. 




80. u or 



Sectional area, 74.9 square inches. 

Gauged length, 50". 

Weight, 94 pounds. 

Not counterweighted. 

Average rate of growth, 10 rings per inch. 
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plied. e 

Pounds. I' 
7, 490 
37,450 

* "74,966" 

"112,356 



149,800 
204,666 



inds per 
ire inch. 


Compression. 


Permanent 
set. 


! 
1 

Remarks. 


100 


Inch. 
0. 
.0129 


Inch. 


• 


500 






100 


0. 




1,000 


.0311 




100 


— . 0005 




1, 500 


. 0505 


• 


100 




1 


2,000 
100 


.0704 






0. 


1 


2,724 




Ultimate strength. ! 

1 








Failed at knots 10" from middle of post. 



Xo. 570. 




so.tio 



Sectional area, 74.7 square inches. 

Gauged length, 50". 

Weight, 93 pounds. 

Not counterweighted. 

Average rate of growth, 7 rings per inch. 



Loads ap- 
plied. 



Pounds. 

7,470 

37,350 



Pounds per 
square inch. 



Compression. 



74, 700 
m'oio" 



149,400 
177,006" 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

2,369 



Inch. 
0. 
.0150 



.0360 

.0586" 

'."68l6" 



Permanent 
set. 



Inch. 



— .0004 

— "."ioio" 
'-V6616' 
""".6664" 



Remarks. 



Ultimate strength. 



Failed at some knots near middle of post. 

No. 571. 




8003 



Sectional area, 74.4 square inches. 

Gauged length, 50". 

Weight, 120J pounds. 

Post contains considerable sap. 

Not counterweighted. 

Average rate of growth, 12 rings per inch. 

S. Ex.^ 17 
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! Loads ap- 
plied. 

Pounds. 
7,440 


Pounds per 
square inch. 

100 

500 

100 
1,000 

100 
1,500 

100 
2,000 

100 
2,487 


Compression. 

Inch. 
0. 
.0120 


Permanent 
set. 

Inch. 


Remark 


37, 200 






t 


0. 




* 74, 400 


.03i4 




111, 600 


0. 




.0522 






— .0002 

0. 




148, 800 


.0730 

.....•*• «... 




185,000 


Ultimate strength. 


1 





Failed at a group of knots 9" from end of post. 



No. 575. 




<120.'%3 



Sectional area, 74.6 square inches. 

Gauged length, 100". 

Weight, 166 pounds. 

Not counterweighted. 

Average rate of growth, 15 rings per inch. 



Loads ap- 
plied. 


Pounds per 
square inch. 


Compression. 


Permanent 
set. 


1 
1 

Remarks. 


i 

Pounds. ! 

7, 460 100 
37, 300 500 


Inch. 
0. 
.0302 


Inch. 










100 
1,000 


\ °* 




74,600 


.0695 




100 
1,500 

100 
2,000 

100 
2,493 


0. 




111, 900 


.1110 




0. 




149, 200 


.1537 






.0010 




186,000 




Ultimate strength. 







Failed at some knots 21" from end of post. 



No. 576. 




120"J6 



Sectional area, 75.3 square inches. 

Ranged length, 100". 

Weight, 166 pounds. 

Not counterweighted. 

Average rate of growth, 11 rings per inch. 



* 
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Loads applied. 



Pound: 

7,530 

37,650 



75, 300 
i"i,950' 



150, 600 
204,' 600" 



Pounds per 
square inch. 


Compression. 


Permanent 
set. 


Remarks. 


100 


Inch. 
0. 
.0276 


Inch. 


• 
Ultimate strength. 


500 




100 


0. 


1,000 
100 


.0625 


.0008 


1,500 


.0988 


100 


.0018 


2,000 
100 


.1379 


.0031 


2, 717 









Failed in the vicinity of knots 13" and 27" from end of post. 



No. 577. 




8 " fai lure. 




i soil a 



Sectional area, 75.3 square inches. 

Gauged length, 100". 

Weight, 160 pounds. 

Not counterweighted. 

Average rate of growth, 10 rings per inch. 



Loads applied. 



Pounds. 

7,530 

37, 650 

75,300 


112, 950 
-. V--- 



135, 000 



Pounds per 
square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

1,793 



Compression. 



Inch. 



0. 



.0268 



.0657 

"."io7o" 



Permanent 
set. 



Inch. 



0. 



.0005 



Failed at knots 8" to 11" from end. 



No. 581. 



Remarka. 



Ultimate strength. 




160.12 



Sectional area, 75.6 square inches. 

Gauged length, 100". 

Weight, 221 pounds. 

Not counterweighted. 

Average rate of growth, 7 rings per inch. 
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Loads applied. 



Pound*. 

7,560 

37,800 



75,600 

iiij.ioo" 



151, 200 

"ies'ooo" 



Pounds per 
square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

2,222 



Compression. re ™ a t nent 



Kemarks. 



Inch. 

). 

.0312 



Inch. 



0. 



.0750 

.'mo' 
."ins" 



—.0005 

—.0005" 

—.6004 

"\66i4 



Ultimate strength. 



Failed at knots 14" and 44" from end. 



So. 582. 




160."l* 



Sectional area, 75.6 square inches. 

Gauged length, 100". 

Weight, 182 pounds. 

Not counterweighted. 

Average rate of growth, 3 rings per inch. 



: Loads applied. 

1 Pounds. 
7,560 
37,800 


Pounds per 
square inch. 

100 

500 

100 
1,000 

100 
1,500 

100 
1,687 


Compression. 

Inch. 1 
0. 
.0510 


75,600 
113,400 


.1167 



.1880 


127,500 







Permanent 
set. 



Inch. 



Remarks. 



.0010 

*o6i5" 

.0046' 



Ultimate strength, i 



Failed at knots 1|" diameter, 13" and 18" from end. 



No. 583. 




160"l± 



Sectional area, 69 square inches. 

Gauged length, 100". 

Weight, 196J pounds. 

Not counterweighted. 

Average rate of growth, 13 rings per inch. 
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Loads applied. 



Pound*. 
6,900 
34,500 



60,000 
" 103,500* 
208, 5o6" 



Pounds per 
square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

3,022 



Compression. 

Inch. 

.0298""" 

.0625 "" 

.*095o"" 



Permanent 
set. 



Inch. 



Remarks. 



.0010 

\"ooio' 
.0026" 



Ultimate strength. 



Failed at a group of knots 50" from end; largest knot, 1|" diameter. 

No. 590. 




ZOOlMO 



Sectional area, 74.3 square inches. 

-Gauged length, 150". 

Weight, 242 pounds. 

Counterweight at middle, 126 pounds. 

Average rate of growth, 7 rings per inch. 



Loads ap- 
plied. 



Pounds. 
7,430 
37,150 



74,300 

"iii,"45o" 

"i48,"600" 

iei'ooo* 



Pounds , r«««,«i«- 



100 

500 

100 
1,000 

100 
1,500 

100 
2,000 

100 
2,167 



Permanent 
set. 



Deflections. 



Inch. 
! 0. 


Inch. 


.0446 






0. 


.1060 




0. 


.1710 


.0010 


.2450 


. 0040 













Horizontal. 



Vertical. 



Inch. 


Inch. 


0. 


0. 


.01 


.03 


0. 


0. 


.03 


.05 


0. 


0. 


.06 


.06 


.01 


.01 


.10 


.05 


.0.1 


0. 


.28 


— .05 



Remarks. 



Ultimate strength. 



Failed at knots 20" from end. Five knots at place of failure, size 
varying from 1" to 1£" diameter. 



No. 591. 



& 
^ 

« 







200~22 



Sectional area, 74.5 square inches. 
Gauged length, 150". 
Weight, 210J pounds. 
Counterweight at middle, 108 pounds. 
Average rate of growth, 9 rings per inch. 
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Loads ap- 
plied. 



Pounds. 

7,450 

37, 25* 



74,500 

"iii,*75o" 

'149,000" 
'i63,'666' 



Pounds 

per square 

inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

2,188 



Compres- Permanent 
sion. set. 



Deflections. 



Remarks. 



Horizontal. 



1 — 



Inch. 
0. 
.0505 

.1275" 

.2008* 
.2850" 



Inch, 



Vertical. ' 



.0015 

.0020" 

.6030" 

'."6694" 



Inch. 
0. 
0. 
0. 
0. 
0. 
— .01 
0. 

.06 
0. 

.35 



Inch. 
0. 

— .01 
0. 

— .02 
0. 

— .04 

— .0 
0. 
0. 

— .30 



Ultimate strength. 



Failed at a group of knots near middle of post; one knot 2" diameter, 

* 

No. 592. 




Sectional area, 75.6 square inches. 

Gauged length, 160". 

Weight, 274 pounds. 

Counter weight at middle, 138 pounds. 

Average rate of growth, 8 rings per inch. 



Loads ap- 
plied. 



Pounds. 

7,660 

37,800 



75,800 

'ii3,'ioo' 



151,200 

i75,"ioo" 



PonndB 

per square 

incn. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

2,319 



Compres- 


Permanent 
set. 

Inch. 


Deflections. 


sion. 


Horizontal. 


Vertical. 


Inch. 
0. 


Inch. 
0. 
0. 
0. 
0. 
0. 

s- 

0. 
.03 
0. 

10 


Inch. 
0. 


.0510 




— .04 




.0012 
l 


0. 


.1123 


— .07 




! .0023 


0. 

— .10 


.1760 




.0037 


0. 


.2476 


— .14 




.0088 


0. 




— .21 




1 





Remarks. 



This post oon- 
1 tained 22 knots, 
averaging 2" di- 
ameter. 



Ultimate strength. 






Failed 75" from end, at a knot 2±" diameter. 

No. 533. 



, fibres crushed. 




S4-Or£4 



Sectional area, 73 square inches. 

Gauged length, 200". 

Weight, 278 pounds. 

Counterweight at middle, 138 pounds. 

Post contains 30 knots, from $" to 1£" diameter. 



.i 
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1 Pounds 
Loads ap- ; per square 



plied. 



inc 



qtu 
en. 



Pounds. I 

7, 300 100 

36, 500 500 
100 

73, 000 1, 000 

J 100 

109, 500 > 1, 500 

i 100 

140. 000 1, 918 



Compres- 
sion. 



Inch. 
0. 
.0693 



Permanent 
set. 



Inch. 



Deflections. 

"I 
Horizontal.! Vertical. 



Remarks. 



.1570 
'."2476" 



.0003 

.ooio" 

.6636 



Inch. 
0. 

- .02 
0. 

- .05 
I 0. 

• - .08 
I 0. 
-1. 20 



Inch. 
0. 

- .03 
0. 

- .06 
0. 

- .10 

- .01 

- .49 



Ultimate strength. 



Deflected sideways. Fibers crushed at some knots at middle of post. 



No. 534. 




34M^ie 



'■ Sectioual area, 08.6 square inches. 
Gauged length, 200". 
Weight, 285 pounds. 
Counterweight at middle, 138 pounds. 
Quality of post as regards knots about the same as No. 533. 



Loads ap- j Pound8 
plied. PW square 



Pound*. 

6,860 

34,300 



68,600 



' 80,000 
90,000 
100,000 
110, 000 
120,000 
130,000 
140, 000 
150, 000 
160,000 
166,000 



incn. 



100 
500 
100 
1,000 
100 



Compres- 
sion. 



Inch. 
0. 
.0580 

"."1336* 



Permanent | 
set. I 



Deflections. 



Horizontal. 



Inch. 



0. 



0. 





1 




1 




1 








1 




1 


2,420 


1 





Inch. 
0. 
.01 
0. 
0. 
0. 

- .01 

- .02 

- .03 

- .05 

- .07 

- .10 

- .15 

- .21 

- .35 

- .70 



Remarks. 



Vertical. 



Inch. 

0. 
.07 

0. 

.15 
.01 
.18 
.20 
.21 
.24 
.26 
.29 
.30 
.32 
.34 
.34 



Ultimate suength. 



Fibers crushed at knot near middle of post. 



No. 535. 



\ 




^ 



**0. H 2S 



Sectional area, G8.5 square inches. 
Gauged length, 200". 
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Weight, 295 pounds. 
Counterweight at middle, 138 pounds. 



Loads ap- 
plied. 



Pounds 

per square 

inch. 



Compres- \ Permanent 



sion. 



set. 



Deflections. 



Horizontal. Vertical. 



Pound*. 
6,850 


100 
500 
100 

1,000 
100 

1,500 
100 


Inch. 
0. 
.0468 


i 

Inch. 


84,250 




0. 


68,500 


.1090 




i 


0. 


' 102, 750 


............ 

.1738 






0. 


110,000 




w« 


120,000 
130,000 
140,000 
150,000 
160,000 
170,000 
180,000 
190,000 
200,000 
206,000 



























































3,007 











Inch. 
0. 
0. 
0. 
0. 
0. 

- .01 
0. 

- .03 

- .04 

- .04 

- .05 

- .06 

- .08 

- .08 

-r .09 

- .10 

- .10 
H- .10 



Inch. 

0. 
.02 

0. 
.04 

D. 
.04 

0. 

.03 
.04 
.04 
' .04 
.04 
.04 
.03 
.03 
.02 
.01 
- .04 



Remarks. 



Ultimate strength. 



Failed at some knots 24" from middle of post; maximum deflection 
at this point. 

No. 539. 




<***."## 



Sectional area, 75.4 square inches. 
Gauged length, 200". 
Weight, 352 pounds. 
Counterweight at middle, 176 pounds. 

Initial bend in post before dressing down from size 8" x 10" : Hori- 
zontal -".50. 



Loads ap- 
plied. 



Pound*. 

7,540 

37,700 



Jr ^ 1 -™ Compres- 
^inX 9i -' 



75,400 



113, 100 

'iao.'ooo 

130,000 
140,000 



100 
500 
100 

1,000 
100 

1,500 
100 



Inch. 
0. 
.0760 



.1710 
.2700 



1,867 



Permanent 
. set. 



Inch. 
.0006 

.ooio 

.0025 



Deflections. 



Horizontal.' Vertical. 



Remarks. 



—i 



Inch. 
0. 

— ^04 
0. 

— .08 
0. 

— .21 
0. 

— .26 

— .38 

— .66 



Inch. 

0. 
.03 

0. 
.10 

0. 
.15 

0. 

.19 
.20 
.22 



Ultimate strength. 



Sustained maximum load 3 minutes, horizontal deflection increasing 
rapidly. 



I 



J 
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No. 540. 

^ 




2S0.*20 



Sectional area, 74.2 square inches. 
Gauged length, 200". 
Weight, 357 pounds. 
Counterweight at middle, 178 pounds. 

Initial deflection before dressing down from size 8"xl0": Verti 
<5al-"50. 



i -, 



Loads ap- 
plied. 



Pounds 

per square 

inch. 



Compres- : Permanent 
sion. set. 



Deflections. 



Horizontal. 



! Pounds. 

7,420 

37,100 

"74,200* 

" "111,306 
! "i2o,666" 

130,000 1. 
' 140, 000 
150,000 1 
160,000 
170,000 



100 
500 
100 

1,000 
100 

1,500 
100 



ft\ch. 
0. 
0556 

" .1240 

'i960 



Inch. 



Remarks. 



Vertical. 



.0010 

'.0015* 

.0020 



2,291 



Inch. 

0. 
.03 

0. 
.09 

0. 
.17 

0. 

.17 
.20 
.25 
.33 
.44 
.86 



Inch. 
0. 

— .02 
0. 

' — .03 
' 0. 

— .03 
0. 

i - .03 
! — .03 
' —.04 
! — .03 
; — .02 
! + .04 



Post contains 32 
knots, varying in 
diameter from I" 

to 1|". 



Ultimate strength. 



Failed by horizontal deflection, fibers crushing at knots near the 
middle. 

No. 541. 




j&oTjs 



Sectional area, 72.5 square inches. 
Gauged length, 200". 
Weight, 340 pounds. 
Counterweight at middle, 170 pounds. 



Loads ap- 
plied: 



Pounds compres- 
per sqnare «£■! 
^ in?h. 8,on - 



Permanent 
set. 



Deflections. 



Horizontal. Vertical. 



Pounds. 

7,250 

36,250 

""72,*5o6" 

"i08,*756' 



120,000 
130,000 
140,000 
150,000 



100 
500 
100 

1,000 
100 

1,500 
100 



Inch. 
0. 
.0580 

.i360" 

".2140" 



Inch. 

.6614" 

".6626" 

.0030 



2,069 



Remarks. 



Inch. 


Inch. 


0. 


0. 


0. 


0. 


0. 


0. 


— .10 


0. 


0. 


0. 


— .25 


.04 


— .02 


1 0. 


— .32 


.05 


— .41 


.10 


— .61 


.15 


—1.22 


.40 

i 



Ultimate strength. 



Failed by deflecting diagonally sideways and upward. 
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No. 536. 




T9tatr 



320794 



Sectional area, 69.8 square inches. 
Gauged length, 300". 
Weight, 427 pounds. 
Counterweight at middle, 214 pounds. 



i 

i Loads ap- 
plied. 

1 


Ponnds 

per 

square 

inch. 

100 


Compres- 
sion. 


I 
Perma- 
nent set. 


Pounds. 

6,080 

34,000 


Inch. 

0. 


Inch. 


500 . 0745 




100 
1,000 

100 
1,500 

100 




0. 


69,800 








.0005 


104,700 


.2705 




.0017 


iio,o66 

120,000 
180, 000 
140, 000 
150,000 
160,000 
169,000 






i 


























2,421 


i 


i 

i 



Deflections. 


i 






-Remarks. 


I 
Horizontal. . 

! 


Vertical. 


i 
i 


Inch. i 


Inch. 


1 


0. 


0. 


i 


0. 


.03 


i 


0. 


0. 


i 


0. 


.08 




0. 


0. 


 


.03 


.11 


i 


0. 


0. 




.01 


.13 


i 


.01 


.15 




.03 


.16 


i 


.06 


.10 


i 


.10 


.21 




.20 


.23 


| 


1.00 

i 
i 


.15 


1 Ultimate strength. 



Failed by deflection sideways, crushing fibers at two places near 
die of post at knots. 

No. 537. 

.6* X 

7 



mid- 




3S0'J$ 



Sectional area, 70 square inches. 
Gauged length, 300". 
Weight, 397 pounds. 
Counterweight at middle, 200 pounds. 

Initial bend in post before dressing down from size 8" x 10": Verti- 
cal, +".62. 



1 Pounds 
Loads ap- per 
plied. J square 
inch. 



Compres- 
sion. 



Perma- 
nent set. 



Deflections. 



Remarks. 



Horizontal, i Vertical. 



Pounds. 

7,000 

35,000 



70,000 
'i65*666 



110, 000 
120, 000 
130,000 
140,000 



100 
500 
100 

1,000 
100 

1,500 
100 



2,000 



Inch. 
0. 
.0930 



.2025 
.3144" 



Inch. 

.0024 

.0030 

"."6644' 



Inch. 
0. 

— .02 
0. 

— .10 

— .01 

— .22 

— .02 

— .27 

— .34 

— .46 

— .70 



Inch. 
0. 

— .07 
0. 

— .09 
0. 

— .10 
0. 

— .10 

— .10 

— .10 

— .10 



Ultimate strength. 



Deflected sideways, taking a sharp bend at middle at some knots. 
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No. 538. 




320"*7 



Sectional area, 69.9 sqaare inches. 
Ganged length, 300". 
Weight, 384 pounds. 
Counterweight at middle, 200 pounds. 



Loads ap- 


Founds j 

per 

square 

inch. 

i 

i 

ioo : 

500 

100 
1,000 

100 
1,500 

100 


Compres- 
sion. 

Inch. 
0. 
.0942 


Perma- 
nent set. 

Inch. 


Deflections. 


Remarks. j 

i 

1 
1 


plied. 


Horizontal. 


Vertical 


, Pounds. 

6,990 

34, 950 


Inch. 

0. 

0. 

0. 
.03 

0. 
.15 

0. 

.18 
.30 
.72 

1.67 
1 


Inch. 
0. 

— .04 

o. 

— .12 
0. 

— .22 

— .01 

— .25 

— .80 

— .42 
1 — .60 






1 


.0017 


! 


60,900 


.2150 


I 


—.0042 


i 


104,850 


.3444 


t 


.0095 


1 


110,000 
120, 000 
130,000 
134, 000 











i 








Ultimate strength. 


1,917 













Deflected sideways and downward, crushing the fibers on concave side- 
at knots. 

' No. 702. 




J9070M 



Sectional area, 87.2 square inches. 

Gauged length, 150". 

Weight, 300 pounds. 

Average weight of growth, 10 rings per inch. 



1 

Loads ap- 


Pounds 

per 

square 

inch. 


500 


Compres- 
sion. 

Inch. 
0. 
.0700 


i 

Perma- 
nent set. 

Inch. 
0. 


Deflections. 


Remarks. 


plied. 

Pounds. 

43,600 


Hori- | Verti- 
zontal. ; cal, W. 


Verti- 
cal, E. 

0. 


Inch. '• Inch. 
0. 0. 
.01 — . 03 


• 


60,000 
80,000 
100,000 
120,000 
140,000 
150,000 




.0005 


.01 — . 03 
0. — . 04 
0. j — . 04 

— .02 ! — .04 

— .10 — .05 

— . 20 i — . 06 

— . 87 | — . 10 


•PI 
.10 










































I 159,000 

1 


1,823 






Ultimate strength. 









Note.- The letters W and E are used to indicate that vertical deflections were taken on the west 
and east side of machine. The measurements show an apparent vertical movement, plus on one side* 
and minus on the other, as the stick twisted during the test. 
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Fibers crushed 23" from end at a group of knots. 

No. 703. 




J80.O8 



Sectional area, 87.5 square inches. 

Gauged length, 150". 

Weight, 267 pounds. 

Average rate of growth, 5 rings per inch. 



Loads 
applied. 



i. _ 



Pounds. 

48,750 



Pounds 

per 

square 

inch. 





500 




60,000 
80,000 
100,000 
120,000 
140,000 
155,000 
160,000 
168,500 



Deflections. 



Compres- Perma- 
sion. nent set. 



Inch. 
0. 
.0700 



1,826 



Inch. 



Hori- 
zontal. 



Inch. 
0. 
.07 



Verti- 
cal, W. 



Inch. 

a 

.06 



.0007 



Verti- 
cal, E. i 



Inch. 

0. 
- .05 



.04 

.02 

0. 

! - .03 

i - .08 

- .15 

- .20 
1 - .61 



.07 
.08 
.10 
.10 
.10 
.10 
.10 
.12 



0. 



Remarks. 



Ultimate strength. 



Failed by horizontal deflection, minus direction; took maximum de- 
fection at a group of knots about 12" from middle of stick. 

No. 704. 




Sectional area, 88.1 square inches. 

Gauged length, 150". 

Weight, 267 pounds. • 

Average rate of growth, 12 rings per inch. 



Loads 
applied. 



Pounds. 

44,050 



60,000 
80,000 

ipo.ooo 

120,000 
140,000 
150,000 
160,000 
165, 000 



Pounds ! 

per ! Compres-; Perma- 
square 

inch. 



Deflections. 



sion. ' nent set. 






Inch. 
0. 
.0653 


Inch. 


500 







......... 

.0003 













i 


























1,873 


 



Hori- 
zontal. 



Verti- 
cal, W. 



Inch, > Inch. 
0. 0. 

0. 0. 



Verti- 
cal, £. 



Inch. 
0. 
0. 



- .01 

- .07 

- .11 

- .20 

- .31 

- .40 

- .55 

- .83 



0. 

- .01 

- .02 

- .03 

- .03 

- .06 

- .06 

- .10 



0. 



Remarks. 



Ultimate strength. 
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Failed by horizontal deflection, minus direction; fibers crushed about 
12" from south end at a group of knots. 



No. 699. 




JLSO. 



Sectional area, 103.2 square inches. 

Weight, 356 pounds. 

Gauged length, 150". 

Average rate of growth, 7 rings per inch. 





Pounds 






Loads 


per 


Compres- 


Perma- 


applied. 


square 
inch. 


sion. 


nent set. 



Pounds. 

51,600 

• 
80, 000 
100, 000 
120,000 
140, 000 
160,000 
180,000 
200,000 
220, 000 
230, 000 
240, 000 





500 





Inch. 
0. 
.0435 



Inch. 
0. 



0. 



2,326 



Deflections. 


Hori- 


Verti- 


Verti- 


zontal. 


cal, W. 


cal, E. 


Inch. 


Inch. 


Inch. 


0. 


0. 


0. 


0. 


.05 


.02 


.01 


.06 




.01 


.07 


.02 


.02 


.08 




.02 


.00 




.02 


.10 




.02 


.10 




.02 


.10 


0. 


.02 


.11 




.02 


.11 




.03 


.11 





Remarks. 



Ultimate strength. 



Failed by crushing fibres at a group of knots 40" from end. 



No. 700. 




17Q.&L 



Sectional area, 103.2 square inches. 

Gauged length, 150". 

Weight, 395 pounds. 

Average rate of growth, 10 rings per inch. 
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1 

1 

j Loads 
1 applied. 


Founds 

per 1 
square 
Inch. 

~" "V| 
1 


500 



Compres- 
^ sion. 

Inch. 
0. 

.0475 

.0 


Perma- 
nent set. 

Inch. 


Defleotions. 


• 

Remarks. 

• 

1 

i 


Hori- 
zontal. 

Ineh. 
0. 
.05 


Verti- 
cal, W. 


Verti- 
cal, E. 


Pound*. 



Inch. 
0. 
.06 


Ineh. 
0. 
0. 


! 


51,600 


.0 


1 


1 80,000 


.08 
.09 
.11 


.07 
.08 


- .02 

- .15 

- .20 




100, 000 






" 


120. 000 
140, 000 
160. 000 
180,000 
200,000 
220,000 
230,000 
239, 000 















.12 .10 
. 15 ! .12 
. 18 - 13 


i 


i 






1 






1 




.21 

.26 

1 .31 

.40 


.16 
.20 
.21 
.28 




""1 






i 




, 


2,316 






Ultimate strength. 

i 







Stick failed at knots. 10" and 60" from north end; opened oblique 
longitudinal crack between the above groups of knots. 

No. 701. 




Sectional area, 103 square inches. 

•Gauged length, 150". 

Weight, 376 pounds. 

Average rate of growth, 7 rings per inch. 



Loads 
applied. 



Pounds. 

51,500 



80,000 
100,000 
120,000 
140,000 
160,000 
180, 000 
200, 000 
203, 000 



Pounds 

per 

sqnare 

inch. 





500 




1,971 



Compres- 
sion. 



Inch. 
0. 
.0519 



Perma- 
nent set 



Inch. 



.0 



Deflections. 



Hori- 
zontal. 



Inch. 
0. 
.03 



Verti- 
cal, W. 



Verti- 
cal, E. 



Inch. ' Inch. 



V. 



.04 



.03 


.05 


.03 


.05 


.02 


.05 


.02 


.06 


.02 


.06 


.02 


.06 


.05 


.05 



0. 



.02 



Remarks. 



Ultimate strength. 



Failed at a group of knots II" from middle of post. 



No. 705. 

failtcnB. 




j.so7oj. 



Sectioual area, 139.2 square inches. 
Gauged length, 150". 
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Weight, 657 pounds. 

Average rate of growth, 6 rings per inch. 

$tick in wet condition. 



Loads 
applied. 


Pounds 

per 

square 

inch. 



500 



• 

Compres- 
sion. 

Inch. 
0. 
.0508 


Perma- 
nent set. 

Inch. 


Deflections. 


, 


Hori- 
zontal. 


Verti- 
cal, W. 

Inch. 
0. 
.02 


Verti- 
cal, E. 

Inch. 
0. 


Remarks. 


Pounds. 



Inch. 

0. 
- .10 




69,600 


'""Mm 




80, 000 
100,000 
140, 000 




- .10 

- .10 

- .10 

- .10 

- .11 

- .13 

- .15 

- .16 

- .19 

- .20 

- .25 

- .35 


.03 
.03 
.05 
.06 
.05 
.05 
.04 
.03 
.02 
.02 

- .02 

- .09 


.02 
.10 




















180, 000 










200, 000 
220, 000 


















230, 000 
240, 000 


















250, 000 
260,000 


















270, 000 
279, 400 










2,007 






Ultimate strength. 




t 





Failed by crashing fibers in vicinity of knot at middle of stick ; also, 
opened oblique longitudinal crack. 



No. 706. 




jtao. 



•Sectional area, 139.6 square inches. 

Oanged length, 150". 

Weight, 437 pounds. 

Average rate of growth, 5 rings per inch. 



s \r 



j Pounds 
Loads per 

applied, square 
inch. 



Pounds. 

69, 800 



100. 000 
140, 000 
180, 000 
200, 000 
220, 000 
240,000 
260, 000 
280, 000 
292, 000 





S00 




2,092 



Compres- 
sion. 



Inch. 
0. 
.0590 



Perma- 
nent set. 



Inch. 



0. 



Deflections. 


Hori- 


Verti- 


Verti- 


zontal. 


cal, W. 


cal, E. 


Inch. 


Inch. 


Inch. 


0. 


0. 


- 0. 


.02 


.08 


-.05 


.03 


.io 




.03 


.13 




.03 


.19 




.03 


.20 


-.10 


.03 


.22 




.03 


.25 




.03 


.30 


-.15 


0. 


.37 




-.10 


.45 





Remarks. 



Ultimate strength. 



Failed at a group of knots at middle of stick, and at knots 29" from 
north end. 
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No. 707. 




A79.'&3 



Sectional area, 139.8 inches. 

Gauged length, 150". 

Weight, 447 pounds. 

Average rate of growth, 5 rings per inch. 



Loads 
applied. 

Pounds. 


69,900 


Pounds 

per 
square 

inch. 

o 

500 



Compres- 
sion. 

Inch. 


Perma- 
nent set. 

Inch. 
0. 


Deflections. 


Remarks. 


Hori- 
zontal. 

Inch. 

0. 
- .00 


Verti- 
cal, W. 


Verti- 
cal.E. 


Inch. ! Inch. 

0. j 0. 
.10 ! .05 




.0305 


-.0005 


100,000 
140, 000 
180,000 
200.000 
220,000 
240, 000 
260,000 
280,000 
290,000 
300. 000 
320,000 
340.000 
350,000 
359, 000 

! 


mmmmmm * mm * 


- .07 

- .08 

- .09 

- .10 

- .10 

- .10 

- .10 

- .12 

- .13 

- .13 

- .15 

- .18 

- .22 


.11 
.13 
.16 
.18 
.19 
.20 
.21 
.25 
.26 
.27 
.30 
.32 


• •••• • • • 

• •••■• •• 

.05 



































i 




i 








i 








Ultimate strength. 




















. 40 ; — . 15 


2,568 












! 



Failed by horizontal deflection, minus direction. Fibers crushed at 
north end, where the wood was imperfect, giving direction to the final 
deflection. ' 



compression tests of white pine — (Continued.) 

Single sticks and built posts. 
No. 664. 




lprtse 



Sectional area, 52.2 square inches. 

Ganged length, 150". 

Weight, 153 pounds. 

Average rate of growth, 11 rings per inch. 
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Loads 
applied. 


Pounds 

per 

sqnare 

inch. 



500 



Compres- 
sion. 


Compres- 
sion set. 


Deflections. 


Remarks. 


Hori- 
zontal. 


Verti- 
cal, W. 


Verti- 
cal, E. 


Pounds. 

26, 100 



40, 000 

60,000 

80, 000 

100, 000 

110,000 


Inch. 
0. 
.0545 


Inch. 
0. 


Inch, 

— .23 
0. 

— .21 
+ .02 

0. 

— .06 

— .20 

— .43 


Inch. 

0. 
.02 

0. 

.04 
.07 
.07 
.07 

.10 


Inch. 
0. 

— .06 


— .08 


Ultimate strength. 


.0004 








• 










..........i -- - - 


2,107 











Failed by horizontal deflection in minus direction. 
Deflection increased to — 2 ;/ .30 fibers of stick, crashing 15" from 
» middle, 2" from north end, and 8" from south end, in the vicinity of 
knots. 

No. 665. 




380. 



Sectional area, 52.1 square inches. 

Weight, 143 pounds. 

Oauged length, 150". 

Average rate of growth, 10 rings per inch. 



Loads 
applied. 


Ponnds 

per 

sqnare 

inch. 



500 



Compres- 
sion. 


Compres- 
sion set. 

Inch. 

a 


Deflections. 


Remarks. 

I 
Ultimate strength. 


Hori- 
zontal. 


Verti- 
cal, w. 


Verti- 
cal, E. 


Pounds. 


26,050 



Inch. 
0. 
.1010 


Inch. 

— .07 
+ .02 

— .07 
4- .02 
-f .02 

.04 
.10 
.15 
.40 
1.15 


Inch. 
0. 


Inch. 
0. 


.0010 






30, 000 
40, 000 
50,000 
60,000 
70, 000 




— .09 

— .09 

— .09 

— .09 

— .08 

— .06 


— .06 


























80,000 








81, 500 


1,564 



















Failed by horizontal deflection, plus direction. 

Sprung sideways suddenly after passing the maximum load. Eotat- 
ing around vertical edges of ends similar to a post with pin ends. 
Fibers not crushed. 

S. Ex. 1 18 



1 
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No. 666. 



N 
N k 



w ♦"■■ 



Sectional area, 52 square inches. 

Ganged length, 150". 

Weight, 163 pounds. 

Average rate of growth, 5 rings per inch. 



Loads 
applied. 



Pounds. 

26,000 



30,000 

I 40,000 

50,000 

60, 000 

; 70, 000 



Pounds i 
per \ Compres- Compres- 



Deflectdons. 



square 
inch. 



sion. I sionset. 






Inch. 
0. 
.0895 


Inch. 


500 







.0004 











i 




i 




1,346 













Hori- 
zontal. 



0. 
.07 

.09 
.11 
.16 
.28 
1.25 



Verti- Verti- 
cal, W. ' cal, E. 



Remarks. 



Inch. 

0. 
— .10 



Inch, i 
0. , 
0. 



— .10 !. 

— .12 ! 

— .13 j 

— .13 

i 



 I 



Ultimate strength. 



Failed by horizontal deflection, plus direction. 

When the horizontal deflection reached 3" the post sprung Suddenly 
sideways, rotating around vertical edges of ends. 

No. 667. 




'*© ±80." 

Sectional area, 61 square inches. 

Gauged length, 150". 

Weight, 228 pounds. 

Average rate of growth, 13 rings per inch. 



Loads 
applied. 

Pounds. 

30, 500 

6 

50,000 

60, 000 

70, 000 

i 80, 000 

1 90.000 


Pounds 

per 

square 

inch. 



500 



Compres- 
sion. 


Compres- 
sion set. 

Inch. 


Deflections. 


Hori- 
zontal. 


Verti- 
cal, W. 


Verti- 
cal, E. 


Inch. 
0. 
.0505 


Inch. 


Inch. 


Inch. 




— .03 


.04 — .04 


0. 








_ . 05 Oft i 








— .07 

— .08 

— .09 

— .10 

— .13 

— .15 

— .19 

— .22 

— .30 

— .37 


.09 , 








.10 - — .10 








.10 I 









+ .11 

.12 — . 15 


100, 000 
110, 000 
120, 000 
130, 000 
140, 000 
150, 000 
160, 000 














.15 








.16 
.17 


















.18 ' 








. 20 , — . 22 


2,623 






— .60 I .20 ' 






I 



Remarks. 



Ultimate strength. 



Failed by horizontal deflection, minus direction. 
Loads continued gradually increasing the deflection to 3", fibers of 
the stick crushing at the middle and 3J" to 44" from ends. 
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No. 60S. 




Sectional area, 65.8 square inches. 

Ganged length, 150". 

Weight, 193 pounds. 

Average rate of growth, 5 rings per inch. 



Loads ap- 
plied. 



Pounds. 

32,900 



Pounds 

per square 

inch. 



Compres- 
sion. 



50,000 
70,000 
90,000 
100,000 
110,000 
120,000 
130,000 
140,000 
150,000 
156,300 



500 



Inch. 
0. 
.0622 



Compres- 
sion set. 



Inch. 



.0004 



2,375 



Deflections. 




Remarks. 
Ultimate strength. 


Horizontal.! Vertical, 
1 _*_• _ 

Inch. 1 Inch. 

0. i 0. 
— . 05 ! — . 03 


Vertical, 
E. 

Inch. 
0. 


i 




— .08 


— .04 

— .05 

— .05 




— .10 




— .14 




— . 16 | — . 06 

— . 19 1 — . 07 


.09 


— . 21 — . 07 




— .26 | — .09 




— . 32 ! — . 10 




— . 40 , — .10 
. 60 — - 15 


.18 









Failed by horizontal deflection, minus direction. 

Deflections increased to 3". Fibers crushed at a group of knots 30" 
from middle, where maximum deflection occurred. Fibers also carushed 
at some knots 3" to 6" from north end. 

No. 669. 




^'7* 



180. 



H 



Sectional area, 66.3 square inches. 

Gauged length, 150". 

Weight, 253 pounds. 

Average rate of growth, 5 rings per inch. 



Loads ap- 


Pounds 

per square 

inch. 

o 

500 



Compres- 
sion. 

Inch. 


.0608 


Compres- 
sion set. 

- 
Inch. 


Deflections. 




plied. 

Pounds. 



Horizontal. 

Inch. 

0. 

0. 


Vertical, 
W. 

Inch. 

0. 
-.01 


Vertical, 
E. 

Inch. 

0. 


33,150 






0004 




50.000 






— .02 


.02 


70,000 
90,000 
100, 000 
110, 000 
120,000 
130, 000 
140,000 
150. 000 








.01 


— .05 










.04 ' — . 07 
.05 . — - u« 


.03 
















.07 
.10 
.13 
.18 
.34 
.60 | 


— .09 

— .10 

— .10 

— .10 

— .10 

L 




















i 












• • • • • ••• 


.01 


152, 300 


2, 297 ! 














f 





Remarks. 



Ultimate strength. 



Failed by horizontal deflection, plus direction. 

Fibers crushed at middle, in the vicinity of some knots. 
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No. 638. 



Oa'/C pacfiirMj. 




' T&Z. 



J"X<1" 




O 



H'Ttolts. 



j9o: 



x. 



q 
6 



<\^i *» 



Preliminary test of the single sticks. 



Stick. 



A 

B 



Weight. 



Pounds. 
181 
134 



Stick. 



A 
B 



Rings per Total 
inch. length. 



Width. DeptU. I *«ta»I I G^jgd 



315 




Inches. \ Inches. 
4.60 11.60 

4.50 11.59 



Loads applied. 



Actual. 



Pounds per 
sq. inch. 



Pounds. 
26, 100 
26, 100 



500 
500 



Compies- 
sion. 



Inch. 
.0670 
.0750 



Sq. inches. Inches. 
52. 2 150 

52. 2 150 



104.4 



Compres- 
sion set. 



Inch. 

(?) 
.0002 



Horizontal 
deflection. 



Inch. 
+ .02 
— .06 



Test of built post. 



1 Loads ap- 
I plied. 



I.. 



Pounds. 

10,000 

20,000 

40,000 

60,000 

80, 000 

100, 000 

120, 000 

140, 000 

160,000 

180, 000 

200, 000 



Deflections. 



Horizontal. 



Inch. 
0. 
0. 

— .01 

— .01 

— .02 

— .03 

— .03 

— .04 

— .05 

— .05 
0. 



Vertical, W. 


Vertical, E. 


Inch. 
0. 


Inch. 


0. 




.02 




.02 




.02 




.02 




.02 




.02 





0. 
0. 
—.01 



Remarks. 



Ultimate strength 
per square inch. 



1,916 pounds 



Failed by deflecting horizontally in plus direction. Post changed 
its direction of bending horizontally at 180,000 pounds. 

When the load reached 200,000 pounds, measurement showed zero 
horizontal deflection. It now took a plus direction, which was in- 
creased to +1".50, when the loads were released. 

Under the maximum deflection, fibers of stick B crushed at some 
knots 15" from middle. 
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?s T o. 639. 
Same style of post as No. 638. 




A Directum qf 
% yfin&Z deflection. 



Stick. 



A 
B 



Preliminary test of tlie single sticks. 



AYeiffht : Rio £ 8 DOr ' Total 



Pounds. 
182 
167 

349 



Stick. 



A 
B 



7 



length. 



Width. I Depth. 



! Inches. 
! 180 



180 



Inches. 
4.52 
4.49 



1 Inches. 
11.66 
11.62 



Sectional 
area. 


Gauged 
length. 


Sq. inches. 
52.7 
52.2 


Inches. 
150 
150 


104.9 






— 



Loads applied. 



Actual. 



Pounds. 
26,350 
26, 100 



Pounds per 
sq. inch. 



Compres-. Compres- 
sion, sion set. 



500 
500 



Inch. 
.0645 
.0670 



Test of built post. 



Inch. 
.0002 
.0004 



Horizontal 
deflection. 



Inch. 

- .03 

- .02 



1 

1 
1 

1 Loads ap- 


i 


Deflections. 




Remarks. 

Ultimate strength = 2,021 
pounds per square inch. 


| plied. 

i 


Horizontal 


Vertical W. 

Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Vertical, E. 


Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

212, 000 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

- .02 

- .08 , 

- .45 


Inch. 




























Failed by horizontal deflection in minus direction. Crashed fibers of 
stick B at middle. 

The deflections increase rapidly soon after the first indications of 
final failure appear. 
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No. 640. 



Same style of post as No. 638. 



_ Jrirt>ction> of fina ls 
deflection 




Preliminary test of the single sticks. 



Stick. 



A 

B 



Weight. 



Pound*. 
131 
158 



289 



Kings per 
inch. 



7 
5 



Total 
length. 



Inches. 
180 
180 



Width. ' Depth. ! Se ?^ al 



area. 



Inches, i Inches. 
4.53 i 11.59 
4. 52 ! 11. 59 



Sq. inches. 
5.25 
5.25 

10.50 



Gauged 
length. 



Inches. 
150 
150 



Stick. 



A 
B 



Loads applied. 



Actual. 



Pounds. 
26,250 
26,250 



Pounds per 



sq. 



nospei 
.inch. 



500 
500 



Compres- 
sion. 



Inch. 
.1060 
.0955 



Compres- Horizontal 



sion set. 



Inch. 
.0015 
.0010 



deflection. 



Inch. 

+ .05 
- .10 



Test of built post. 





Loads ap- 


plied. 


Pounds. 


10,000 


20,000 


40,000 


60,000 


80,000 


100,000 


120,000 


140,000 


149,000 



Deflections. 



Horizontal. 


Vertical, 


Inch. 


Inch. 


0. 


0. 


0. 


0. 


- .02 


0. 


- .02 


0. 


- .02 


0. 


0. 


0. 


.01 


0. 


.18 


0. 


L20 


0. 



Vertical, E. 



Inch. 



Remarks. 



Ultimate strength = 1, 419 pounds 
per square inch. ' 



Failed by horizontal deflection in plus direction. 

Deflections increased rapidly when the maximum load was approached . 
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Xo. 642. 



2*Xd" 




Preliminary test af single sticks. 



GQ 



A 
B 



Weight. 



Pounds. 
192 
306 






A 
B 



Kings per 
inch. 



6 

7 



Total 
length. 



Inches. 
179. 98 
179.98 



Width. 



Inches. 
5.57 
5.58 



Depth. 



Inches. 
11.61 
1L61 



Sectional 
area. 



Sq. inches. 
64.7 
64.7 



129.4 



Loads applied. 



Actual. 



Pounds. 
32,350 
32,350 



Pounds per 
square inch. 



500 
500 



r>Am««. B {«n [Compression. 
Compression. *v. 



Inch. 

.0770 

.0390 



Inch. 
.0006 
.0007 



Horizontal 
deflection. 



Inch. 
.07 

.08 



Gauged 
length. 



Inches. 
150 
150 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
.05 



Test of built post. 



Deflections. 



Loads ap- 
plied. 



Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120, 009 

140,000 

150,000 

160,000 

170,000 

180,000 

190,000 

200, 000 

210, 000 

215,000 



Horizontal. 


Vertical, W. 


Inch. 


Inch. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


.01 


0. 


.02 


0. 


.03 



.01 
.03 
.04 
.06 
.08 
.10 
.11 
.18 
.32 
.72 



Inch. 



.04 
.04 
.04 
.04 
.04 
.04 
.02 
.01 
0. 
- .03 



Remarks. 



Ultimate strength. 



Failed by horizontal deflection in plus direction. 
Deflections continued to 1".15 horizontal, the fibers of stick A crush- 
ing in the vicinity of knots 16" and 48" from end. 
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643. 



Same style of post as No. 642. 



Tf Jl 



m 






n 



Preliminary test of the single sticks. 



A4 
QQ 



A 
B 




.2 

CO 



A 
B 



Pound*. 
203 
189 



Kings per 
inch. 



17 
5 



392 



Loads applied. 
Actual. 



Pounds. 
32,800 
32,600 



Total 
length. 



Inches. 
179. 92 
179.92 



Width. 



Inches. 
5.65 
5.61 



Pounds per 
square inch. | 



Compression. 



Depth. 



Inches. 
11.61 
11.62 



Sectional 
area. 



Sq. inches. 
f»5.6 
65.2 



130.8 



Gauged 
length. 



Inches. 
150 
150 



Compression | Horizontal ^SHEX? 
set. ! deflection. | %££$£ 



500 
500 



Inch. 
.0440 
.0600 



Inch. 
0. 
.0008 



Inch. 

.02 

- .02 



Inch. 

- .01 

- .02 



Test of built post. 



Loads ap- 
plied. 



Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

220,000 

230,000 

240,000 

250,000 

255,000 

260,000 

261,000 



Deflections. 



Horizontal. 



Inch. 
.0 
.0 

— .01 

— .01 

— .01 

— .01 

— .01 

— .02 

— .02 

— .02 

— .05 

— .07 

— .09 

— .10 

— .15 

— .19 

— .29 

— .45 



Vertical, W. ; Vertical, E 



Inch. 

0. 

0. 

.05 
.08 
.10 
.12 
.12 
.13 
.14 
.16 
.18 
.20 
.21 
.22 
.25 
.25 
.29 
.30 



Inch. 



Remarks. 



Ultimate strength = 1,995 lbs. 
per square inch. 



Failed by deflecting horizontally in minus direction and upward. 
The deflection was increased horizontally to 1".20 with changing the 
vertical. 
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No. 644. 



Same style of post as No. 642. 



jP j2 




JDinection, of 
final/ defltiotioTv. 



Preliminary test of single sticks. 



I Kings ; rr n4 . a i 

Stick., Weight. pe? ' ,™»1 
i , inch. te*gfo- 



A 

B 



Pounds. 
227 
236 



7 

7 



Inches. 
179. 96 
179.96 



463 



Stick. 



A 
B 



Loads applied. 



Actual. 



Pounds. 
32,550 
32,550 



Founds 

per 
sq. inch. 



506 
500 



Width. 



Inches. 
5.60 
5.60 



Depth. 



Inches. 
11.63 
11.62 



Sectional 
area. 



Com pre »• i Compres- 
sion. ! sionset. 



Inch. 
! .0596 
! .0690 



Inch. 



0. 



.0005 



Ganged 
length. 



Sq. inches. I Inches. 
65. 1 150 

65.1 150 



130.2 



Horizontal 
deflection. 



Inch. 

— .02 

.02 



Permanent 
horizontal 
deflection. 



Inch. 

— .02 

— .01 



Test of the built post. 



Loads ap- 
plied. 



Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140, 000 

160,000 

180,000 

200,000 

210,000 

220,000 

230,000 

240,000 

250,000 

255,000 

257,800 



Deflections. 



Horizontal. 



Inch. 

0. 
.0. 

0. 

0. 

— .01 

— .01 

— .01 

— .01 

— .03 

— .04 

— .06 

— .08 

— .09 

— .10 

— .11 

— .15 

— .20 

— .45 



Vertical, W. 



Inch. 

0. 

0. 

.02 
.03 
.05 
.06 
.06 
.09 
.10 
.10 
.11 
.11 
.12 
.13 
.13 
.14 
.13 
.05 



Vertical, E. 



Inch. 



Remarks. 



Ultimate strength = 1,980 
pounds per square inch. 



Failed by horizontal deflection in minus direction. Crushed fibers of 
stick A 12" from end, and stick B at middle. 
The fibers crushing in each case in the vicinity of knots. 
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]S T 0. 648. 

Swelled white-pine built post. 







ji 



End packing blocks, 1" thick. 
Middle packing block, If" thick. 




Preliminary lest of the single stick*. 



c« n v ! ir„;.u i"5 8 Total avi i • i. i\-..n. Sectional Gauged 
Stick. Weight. per k . ng1h Width. Depth. Hreft , enj £ h 



A 
15 



Pound*. 
206 
203 



12 
10 



409 



Inches. 
180 
180 



Inehe*. 
5.00 
5.61 



Inches. 
11.72 
11.72 



Sq. incite* Incites. 
65.6 150 

65.6 150 



131.2 



Loads applied. 



,Stick. 



Actual. 



I Compres- 
Pounds [ sion. 

per 
sq. inch. 



Pounds. 
, A ! 32,800 
, B ! 32,800 



500 
500 



Inch. 
.0590 
.0700 



Compres- 
sion set. 



Inch. 
.0002 
0. 



Horizontal 
deflection. 



Inch. 
.19 
.05 



Permanent 
horizontal 
deflection. 



Inch. 
.04 
.02 



Transversely stick A is the stiffer of the two. When the post is 
bolted up, A deflects ".34; B deflects ".41. 

Test of built post. 



Deflect ion*. 



Loads ap- 






plied. 




i 




Horizontal. 


Vertical, ' 


Pounds. 


Inch . 


Inch. 


10,000 


0. 


0. 


20,000 


0. 


0. 


40,000 


0. 


0. 


60,000 


— .01 


0. 


80,000 


— .02 


0. 


100.000 


— .05 


0. 


120,000 


— .07 


0. 


140,000 


— .08 


0. 


160,000 


— .10 


0. 


180, 000 


— .13 


— .02 


200, 000 


— .17 


- .04 


210, 000 


— .19 


— .06 


220,000 


— .21 


— .06 


230, 000 


— .23 


— .08 


240, 000 


— .23 


— .10 


250,000 


— .19 


— .18 


260,000 


— .07 


— .25 


268,000 







Inch. 



Remarks. 



i 



Ultimate strength. 



Stick B failed. Fibers crushed at a group of 5 knots 14" from middie- 
Size of largest knot, 1A" diameter. 
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No. 649. 
Same style of post as No. 648. 

^V\}i Direction' of 

final etBfVeisctoH,. 

l.~spave at end*. 
iM" ' » » rrvutdle. 

Preliminary test of the single sticks. 




1 Rings i iwai 
Stick. Weight. per ' le ^J|J # Width. 



A 
B 



Pounds. 
187 
184 

371 



inch. 



9 
4 



Inches. 
180 
180 



! Inches. 
1 5.60 
5.61 



Depth. 



Inches. 
11.71 
11.74 



Sectional 
area. 



Sq. inches. 
65.6 
65.9 



Gauged 
length. 



131.5 



Stick. 



Loads applied. 



A 
B 



Actual. 



Pounds. 
32,800 
32, 950 



f Compres- 
Pounds ' sion. 

per 
sq. inch. 



Compres- 
sion set. 



Horizontal 
deflection. 




500 
500 



Inch. 
.0600 
.0705 



Inch. 
.0002 
.0008 



Inch. 

— .19 

.34 



Permanent 
horizontal 
deflection. 



Inch 
— .03 
.05 



Test of the built post 
Transversely when the post is bolted up. 

Itick B d£S S 1 Middle *** has ™ 9her8 4 " diameter - 



1 




Deflections. 


1 Loads ap- 






l plied. 




i 


-i 


Horizontal. 


Vertical, W. 


Pounds. 


Inch. 


Inch. 


10, 000 


0. 


0. 


20, 000 


0. 


0. 


40,000 


.01 


.01 


60, 000 


.02 


.02 


80,000 


.02 


.02 


100, 000 


.02 


.05 


120, 000 


.02 


.08 


140,000 


.02 


.09 


160,000 


.02 


.10 


180,000 


0. 


.11 


200, 000 


0. 


.12 


210, 000 


- .01 


.14 


220, 000 


- .02 


.15 


230, 000 


- .02 


.16 


240, 000 


- .05 


.18 


250,000 


- .06 


.18 


260,000 


- .10 


.20 


265, 000 


- .15 


i -21 


270, 000 


- .25 


.22 


' 275, 000 


- .38 


.24 


277, 000 

I 


Abt- . 80 


j .24 

1 



Remarks. 



Inch. 



Ultimate strength = 2, 107 
pounds per square inch. 



Failed by horizontal deflection, minus direction, 
Fibers of stick A crushed at middle of post. 
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No. G50. 



Same style of post as Xo. (US. 




IKrcctiariof fbial 



at end*. 
%"*spa,oe at middle. 



CO 



A 

B 



1 



A 
B 



Weight. 



Pounds. 
194 
190 

384 



Preliminary test of the single sticks. 



Kings pel- 
inch. 



12 
9 



Total 
length. 



Inches. 
180 
180 



Width. I Depth. 



Inches. 
5.61 
5.61 



Inches. 
11. 75 
11.71 



Loads applied. 
Actual. 



Sectional 
area. 



Sq inches. 
65.9 
65.7 



131.6 



Pounds per 
square inch. 



n««,^^ DU ;«« I Compression Horizontal 
Compression. £ t deflection. 



Pounds. 
32,950 
32, 850 



500 
500 



Inch. 
.0530 
.0885 



Inch. 
0. 
.0008 



When bolted together stick A deflected ".32. 
When bolted together stick B deflected ".43. 

Test of the built post. 



Inch. 

- .22 

.17 



Ganged i 
length. 



Inches. 
150 
150 



Permanent 
horizontal 
deflection. 



Inch, 

- .04 
.04 



Loads ap- 
plied. 



Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120, 000 

10,000 

50,000 

100,000 

120, 000 

140, 000 

160, 000 

180, 000 

200,000 

210,000 

220, 000 

230,000 

240,000 



Deflections. 



Horizontal. Vertical, W. | Vertical, E. 



Inch. 
0. 
0. 

- .01 

- .04 

- .05 

- .06 

- .07 

- .01 
4- .02 
4- .06 
+ .08 
-f .09 
-f .10 
+ .12 
4- .15 
4- .20 
-- .21 
-- .26 
-- .31 



Inch. 

0. 

0. 

.01 

.02 

.04 

.04 

.05 

0. 

+ .01 

+ .05 

-f- .05 

-f- .06 

+ .06 

+ .07 

4- .09 

4- .10 

4- .10 

+ .10 

4> .10 



Inch. 



Remarks. 



Post rotated over half revolution. 



Ultimate strength == 1,824 
pounds per square inch. 



Failed by horizontal deflection, stick B being on the concave side. 
Fibers of each stick crushed at middle in the vicinity of some knots. 
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No. 645. 



ifcv 4 ifr* 




s^^i^ww* 



v^/rf. 



Oak packings let into each stick f ". 



Preliminary test of the single slicks. 



1 | Weight. ; »»&?« 

CO I 



A 
B 






A 
B 



Potmrf*. 
215 

266 

481 



Loads applied. 



Actnal. 



Pounds. 
32. 400 
32,500 



Total 
length. 



Inches. 
179.97 
179. 97 



Width. 



Inches. 
5.59 
5.60 



Depth. 



Inches. 

11.59 

11.60 



Pounds per 
square inch. 



Compression. ' Compression 



500 
500 



Inch. 
.0560 
.0540 



set. 



Inch. 
.0006 
0. 



Sectional 
area. 



Sq. inches. 
64.8 
65.0 

129.8 



Gauged 
length. 



Inches. 
150 
150 



Horizontal 
deflection. 



Inch. 

-.02 

.02 



-.1 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
0. 



Test of the built post. 



Loads ap- 
plied. 



Pounds. 

10, 000 

20, 000 

40, 000 

60,000 

80,000 

100, 000 

120, 000 

140, 000 

160, 000 

180, 000 

200, 000 

210, 000 

220,000 

230, 0C0 

240, 000 

250, 000 

260, 000 

263, 200 



Deflections. 



Horizontal. ' Vertical, W. Vertical, E 



Inch. 

0. 

0. 

0. 

0. ' 

0. 

0. 

0. 

0. 

0. 

0. 

.01 

.01 

.01 

.01 

.02 

.05 

.10 

.30 



Inch. 

0. 

0. 

.01 

.02 

.02 

.02 

.01 

.01 

.01 
0. 

.01 

.01 

.01 

.01 

.01 

.01 

.01 

.01 



Inch. 



Remarks. 



Ultimate strength = 2, 028 pounds 
J per square inch. 



Failed by horizontal deflection in plus direction. 

Fibers of both sticks crushed at middle, where bolt passes through, 
and where the sticks are further weakened by cutting away f " of wood 
to re ceivfe packing block. 
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» 

No. 646. 
Same style of post as No. 645. 



Directio n qf 

final tZeft^ctiarv . 



Preliminary test of the single stickn. 




M 
o 



; a 

B 



Weight. 



Pounds. 
200 
204 



410 



Kings per 
inch. 



6 
12 



Total 
length. 



__ i 



Inches. 
180 
180 



Width. 



Inches. 
5.50 
5.60 



Depth. 



Inches. 
11.61 
11.62 



Sectional 
area. 



Ganged [ 
length. I 

Sq. inches. ( Inches, i 



64.9 
65.1 



130.0 



150 
150 



■[ 



J* 



I* 



Loads applied. 



Actual. 



Pounds. 
32,450 
32,550 



Pounds per 
square inch. 



500 
500 



ICompression. | Compression 



Inch. 
.0483 
.0620 



set. 



Inch. 
0. 
.0005 



Horizontal 
deflection. 



Permanent \- 
horizontal i 
deflection. 



Inch. Inch. 

0. — . 01 

— . 02 — . 01 



Test of the built post. 



Loads ap- 
plied. 



Pounds. 

10,000 

20,000 

40,000 

60,060 

80.000 

100, 000 

120, 000 

140, 000 

160,000 

180,000 

200,000 

210, 000 

220,000 

230, 000 

240, 000 

249, 000 



Horizontal. 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .01 

— .02 

— .03 

— .05 

— .07 

— .11 

— .20 

— .42 



Deflections. 



Vertical, W. ; Vertical, E. 



Inch. 

0. 

.02 
.05 
.06 
.07 
.07 
.07 
.08 
.08 
.08 
.08 
.0« 
.08 
.08 
.07 
.02 



Inch. 



Remarks. 



Ultimate streugth = 1,915 lbs. 
per square inch. 



Failed by horizontal deflection in minus direction.. 

Tbe post took a sharp bend at the middle, crushing the fibers of stick 
B, and splitting stick A at the middle packing block. 

Stick A crushed the fibers 10" from end in the vicinity of knots. 

During the preliminary test of the single sticks an end section (2" 
X ll".6t) beyond tbe notched recess for packing block was accidentally 
split off. This piece was nailed on again. It passed through the test 
without disturbance, showing that it carried very little shearing load 
when tested in this manner between flat rigid platforms. 
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3*0. 647. 



Same style of post as No, G45. 




\|i Difectuon, of 



-- — -r->- 



. /trial tteflectiarv. 
irsptuie. 



Preliminary test of the single sticks. 



1 

CO 



A 
B 



CO 



A 
£ 



Weight. 



Pounds. 
192 
192 

384 



Rings per 
inch. 



11 
13 



Total 
length. 



Inches. 
180 
180 



Width. 



Inches. 
5.62 
5.62 



Depth. 



Inches. 

11.62 

,11.62 



Sectional i 
area. 



Sq. inches. 
65.3 
65.3 



130.6 



Loads applied. 



Actual. 



Pounds. 
32, 650 
32,650 



Ponnds per 
square inch. 



500 
500 



Compressor,. . Compression 



i Inch. 
.0630 
. 0700 



Inch. 

.0006 

.0005 



Horizontal, 
deflection. 



Inch, 
0. 
.03 



Gauged , 
length. 



Inches. 
150 
150 



Permanent 
horizontal 
deflection. 



Inch. 

— .01 

0. 



Test of th* built post. 



Loads ap- 
plied. 



Pounds. 

10,000 

20,000 

40.000 

60,000 

80,000 

100,000 

120,000 

140,000 

160, OOp 

180, 000 

200, 000 

210, 000 

220, 000 

230,000 

240, 000 

248, 000 



Deflections. 



Horizontal. ! Vertical, W. 



Inch. 

0. 

0. 

0. 

0. 
— .02 



.05 
.06 
.07 
.10 
.11 
.15 
.19 
.20 
.26 
.35 
.72 



Inch. 

0. 

0. 

0. 

0. 
.01 
.01 
.02 
.03 
.05 
.06 
.08 
.10 
.10 
.11 
.12 
.15 



Vertical, B. 



Inch. 



Remarks. 



Ultimate strength = 1,899 
pounds per square inch. 



Failed by horizontal deflection in minus direction. 
Stick A split fibers at middle. 
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No. 678. 




4p<LC€<< 



ft ft 



u ft 

3X4., 



«""■■ 



ZEES 



muttt i . 






o 
o 



.// 



% holt*. 



601 



ft 







Preliminary test of the single sticks. 



© 



A 



© 

CO ! 



A 
B 



▼«■«**■ "Hi! 



Rings per ' Total 



Pound*. 
251 
215 



length. 



466 



Inches. 
179.94 
179.94 



Width. Depth. 



Inches. 

0. do 

5.57 



Inches, 
11.47 
11.45 



Loads applied. 



Sectional 
area. 



I Sq. inches. 

; 64.0 
63.8 . 



i 



127.8 



Gauged 
length. 



Inches. 
150 
150 



Actual. 



Pounds per i 
square inch. < 



r> Amn * A .a{ An Compression Horizontal 
Compression. £ A**.-**** 



set. 



deflection. 



Pounds. 
32,000 
31,900 



SCO 
500 



Inch. 
.0529 
.0642 



-Inch. 
0. 
.0005 



Inch. 

0. 
— .07 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
.01 



Loads ap- 
plied. 



Pounds. 

10,000 

20, 000 

40,000 

60,000 

80,000 

100,000 

120, 000 

140, 000 

160, 000 

180,000 

200, 000 

220, 000 

230, 000 

240. 000 

245, 500 



Test of the built post. 



Deflections. 



Horizontal Vertical, W. ; Vertical, E. 



Inch. 
0. 
0. 

— .01 

— .03 

— .05 

— .06 

— .07 

— .09 

— .10 

— .13 

— .16 

— .21 

— .27 

— .36 

— .57 



Inch. 
0. 

— .01 

— .02 

— .03 

— .04 

— .05 

— .05 

— .06 

— .07 

— .08 

— .09 

— .10 

— .10 

— .11 

— .14 



Inch. 
0. 



.05 



.10 



Remarks. 



Ultimate strength = 1,921 
pounds per square inch. 



Failed by horizontal deflection, minus direction. 
Fibers crushed near the south end of post at some knots. 
Stick A fa led 8" from end, stick B 2" from end and at bolt-holes, 
which were bored alongside a knot. 
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No. 679. 



Same style of post as No. 678. 




Wspaoe. 



Preliminary test of the single sticks. 



Stick. 


Weight. 


Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Ganged 
length. 


A 
B 


Pounds. 
200 
190 


12 
7 


Inches. 
180 
180 


Inches. 
5.62 
5.62 


Inches. 
11.76 
11.72 


Sq. inches. 
66.1 
65.9 


Inches. 
150 
150 


309 










182.0 


















* 

9 

•lH 
■*» 

CO 

A 
B 


Loads applied. 


. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual. 


Pounds pc 
square ino 


>r 
h. 


Compression. 


Pounds. 
33,050 
32, 950 


500 
500 


Inch. 
.0664 
.0705 


Inch. 
.0010 
.0003 


Inch. 
.05 
— .05 


Inch. 

0. 
— .01 



Test of the built post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal. 


Vertical, W. 


Vertical, E. 


Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

210, 000 

220,000 

230,000 

240,000 

249, 000 


Inch. 
0. 
0. 
0. 

0- 
0. 
0. 
0. 


Inch. 

0. 

0. 

0. 

0. 

.01 

.01 

.02 


Inch. 
0. 










Ultimate strength = 1,886 lbs. 
per square inch. 




.04 


0. 1 .04 

0. | . 05 

0. | . 05 

0. | .06 

.01 . .07 

.01 i .07 

.02 .08 

.02 .08 

.05 - 0« 






.10 














V 



Stick A failed at bolt-holes. Stick B failed at bolt-holes and at a 
group of knots 12" from bolt-holes. 
8. Ex. 1 19 
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No. 680. 



Same style of post as No. 678. 



J3 jt 




i" space. 



Preliminary teat of the tingle sticks. 



i 

w 

A 
B 


Weight. 


Binge per 
inch. 


Total 
length. 


Width. 


» 

Depth. 


Sectional 
area. 


Gauged 
length. 


Pounds. 
268 
278 


8 
8 


Inches. 
180 
180 


Inches. 
5.60 
5.61 


Inches. 
11.72 
11.78 


Sq. inches. 
65.6 
66.8 


Inches. 
150 
150 


546 










18L4 














- 


* 

A 
B 


Loads applied. 


1 

i 

i 


Horizontal 
deflection. 


Permanent 
horizontal 
defleotdon. 


Actual. 


Pounds per 
square inch. 


Oompreesioii. 


set. 


Poundt. 
82,800 
32,900 . 


500 
500 


Inch. 
.0650 
.0405 


Inch. 
. 0060 
0. 


Inch, 

— .08 

0. 


Inch. 

0. 
— .02 



Test of the built poet. 



Loads ap- 
plied. 


Deflection. 


Bemarks. 


Horizontal. 


Vertical, W. 


Vertical, B. 


Pounds. 

10,000 

20,000 

40,000 

60,000 

80,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

210,000 

220,000 

230,000 

240,000 

250,000 

260,000 

270,000 

278,000 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .01 

— .02 


Inch. 
0. 
0. 
0. 
0. 

0. - 
0. 
0. 
0. 

a 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


Inch. 
0. 










0. 








.05 






1 




Ultimate strength = 2,116 lbs. 
per square inch. 

















Stick A failed at knots 40" and 66" from end. Stick B failed at knots 
12" from middle. 
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No. 663. 




JB^ii^. 



:asac 



* 



%%9lf. 



^UfOSher. 






=A 




% & pacnz*uy. fvbrea erwfhed. fWre* crushed 

End packing blocks let into each stick f ". 

Preliminary test of the single sticks. 




• 

* 

OQ 

A 
B 


Weight. 


Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


Pounds. 
230 
208 


14 
6 


Inches. 
180 
180 


Inches. 
5.60 
5.63 


Inches. 

11.75 

11.75 


Sq. inches. 
66.6 
66.2 


Inches. 
160 
150 


438 












182.0 


' 




• 










• 

M 

A 
B 


Loads applied. 


Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 
horizontal de- 
flection. 


Actual. 


Pounds per 
square inch. 


Pounds. 
32,900 
33,100 


500 
500 


Inch. 
.0621 
.0657 


Inch. 
.0005 
.0010 


Inch. 

.02 

— .06 


Inch. 

— .01 

0. 



V 



Test of the built. poet. 

Tested with uneven bearings. 

Yellow-pine strip ".1 thick placed behind north end of stick A. 
Same amount of packing placed behind south end of stick S. 



Loads ap- 
plied. 


Deflections. 


Bemarks. 


Horizontal. 


Vertical, W. 


Vertical, E. 


Pounds. 

10,000 

20,000 

30,000 

40,600 

60,000 

80,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

210, 000 

220,000 

230,000 

240,000 

250,000 

260,000 

270,000 

280,000 

290,000 

300,000 


Inch. 
0. 

- .01 

- .03 

- .03 

- .04 

- .05 

- .65 

- .05 

- .05 

- .05 

- .05 

- .06 

- .03 

- .03 

- .01 
0. 

+ .01 
.07 
.09 
.02 

- .01 

- .21 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0. 


Inch. 
0. 


Ends not packed came to full 
bearing. 

Ultimate 8trength=2,273 pounds 
per square inch. 












- .01 






h .01 

- .01 

- .01 
-.01 

- .01 

L .01 




- .05 








.02 
.02 
.02 

- .01 

- .02 
ns 


- .07 




- .07 








i 



Final deflection took place in minus horizontal direction. Loads were 
continued after passing the maximum till the horizontal deflection was 
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increased to — 1".10, developing lines of failure by crushing the fibers 
at the notched ends of stick A. 



No. 676. 







y ^r* .R ^ 



M0 

*^ *' - Mpaektitff. 









~%:4&iufoew 




rusnod' 



crusftect,* cr^ 

Preliminary test of the single sticks. 



JtB.~ A 
rushed. 



i 

A 
B 


Weight. 

Pounds. 
201 
184 


Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


12 
6 


Inches. 
179.94 
179.94 


Inches. 
5.60 
5.61 


Inches. 

11.71 

11.73 


Sq. inches. 
65.6 
65.8 


Inches. 
150 
150 


385 






, 




131.4 














- 


M 
o 

A 
B 


Loads applied. 


Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 
horizontal de- 
flection. 


Actual. 


Pounds ] 
square ii 


[>er 
ich. 


Pounds. 
32,800 
32,900 


500 
500 


Inch. 
.0530 
.0693 


Inch. 
.0003 
0. 


Inch. 

.06 

- .05 


Inch, 
.01 
0. 



Test of the built post. 

Tested with uneven bearings. 

Strip of yellow pine ".22 thick placed behind north end of stick A. 
Same amount of packing placed behind south end of stick B. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal 


Vertical, W. 


Vertical, E. 


Pounds. 
10,000 
20.000 


Inch. 
0. 

— .05 


J 


Inch. 
0. 

h .01 
- .01 


Inch. 
0. 


North end of stick B reached a 
full bearing at 26,000 pounds. 

South end of stick A reached a 
bearing at 33, 000 pounds. 

Ultimate strength =2, 089 pounds 
per square inch. 


30, 000 - . 10 
40,000 - .12 
50,000 - .12 
60,000 — -12 




-.01 




- .01 

- .02 






80,000 
100,000 
120,000 
140,000 
160,000 
180, 000 
200,000 
220,000 
230, 000 
240,000 
250,000 
260,000 
270, 000 
274,500 


-.11 

- .09 

- .08 

- .07 

- .06 

- .05 

- .04 

- .04 

- .03 

- .06 

- .06 

- .09 

- . 10 

- .11 


- .03 




- .05 
.09 


' - .04 


.10 
.11 
.11 
.11 
.11 








- .06 


.10 


1 


.10 
.10 
.08 
.08 












| 


i 

i 

i 






Failed by crushing the fibers of stick A at notch 12" from south end 
and at the middle. 
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No. 677. 
Same style of post as No. 676. 



29a 




a" space. 



Preliminary test of the single sticks. 



■8 

0Q 



A 
B 



Weight. 



Pounds. 
185 
193 



378 



Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


6 
6 


Inches. 
180 
180 


Inches, 
5.61 
5.58 


Inches. 

11.72 

11.72 


Sq. inches. 
65.7 
65.4 


1 






181.1 











Gauged 
length. 



Inches. 
150 
150 



I 

0Q 



A 
B 



Loads applied. 



Actual. 



Pounds. 
32,850 
32,700 



Pounds per 
square inch. 



500 
500 



Compression. 



Inch. 
.0551 
.0625 



Compression 
• set. 



Inch. 

.0004 

.0005 



Horizontal 
deflection. 



Permanent 
horizontal de- 
flection. 



Inch. 

.07 

- .03 



Inch. 
0. 



Test of the built post. 

Tested with uneven bearings. Yellow- pine stick ".32 thick placed 
behind north end of stick A. Same amount of packing used behind 
south end of stick B. 



( 

Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal 


Vertical, W. 


Vertical, E. 


Pounds. 

10,000 

20,000 

30,000 

40,000 

50,000 

60,000 

80,000 

100,000 

120,000 

140,000 

160,000 

180,000 

200,000 

220,000 

240,000 

250, 000 

255,000 


Inch. 
0. 

- .01 

- .06 

- .07 

- .07 

- .07 

- .05 

- .03 

- .01 

- .01 
0. 

0. 
0. 
0. 

- .01 

- .02 
.16 


« 

Ineh. 
0. 

.01 
.04 
.04 
.03 
.03 
.03 
.03 
.03 
.04 
.02 
.04 
.04 
.04 
.04 
.04 
.07 


Inch. 
0. 


Ultimate strength = 1 , 945 pounds 
per square inoh. 






.02 




















.07 





Stick A failed at a group of knots 15" from end. 
Stick B failed at knots 40" from end : also fibers crushed where the 
stick was notched to receive packing block. 
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No. 690. 




— — 




araxE 



}£b6U;. 



<**. 



4~—u4h*r. 









PreWwtnary tof 0/ t/u rin^fe tttcfo. 



• 

M 

§ 

t 
c 


Weight. 


Rings per 
inch. 


Total 
length. 


Wi< 


1th. 

he*. 

52 

56 

46 


Depth. 


Sectional 
area. 


Gauged 
length. 


Poundt. 
175 
226 
199 


18 
11 
18 


Inchet. 
180 
180 
180 


Inc 
4. 
5. 
4. 


Inchet. 
11.62 
11.70 
11.62 


Sq. inches. 
52.5 
65.0 
51.8 


Inchet. 
150 
150 
150 




600 










169.3 
































« 

53 
GO 

A 
B 
C 


Load* applied. 






Compression 

set. 


Horizontal 
deflection. 




Permanent 


Actual. 


Founds per 
square inch. 


Compression. 


horizontal 
deflection. 


Poundt. 
26,250 
32,500 
25,900 


' Inch. 
500 .0460 
500 .0580 
500 | .0480 


Inch. 

0. 

.0008 
.0008 


Inch. 

.18 

— .02 

.20 


Inch. 

.01 
0. 

.02 



Test of the built post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal. 


Vertical, W. 


Vertical, E. 


Poundt. 



20,000 

40,000 

60,000 

80,000 

100,000 

140,000 

180,000 

200,000 

220,000 

240,000 

260,000 

280,000 

300,000 

310,000 


Inch. 
0. 

— .04 

— .07 

— .06 

— .05 
.05 
.04 
.03 
.02 

0. 
0. 

— .02 

— .06 

— .12 

— .32 


Inch. 

0. 
.01 
.03 
.03 
.05 
.05 
.06 
.07 
.08 
.09 
.10 
.11 
.11 
.12 
.16 


Inch. 
0. 


Ultimate strength =1,831 lbs. 
per square inch. 








.05 




.08 















Stick A failed at a knot 54" from the end of post. 
Stick B failed at a knot 33" from the end of post. 
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tfo. 691. 
Same style of post as No. 690. 



c 


B 


A 


III//' 


ii 


KfljjJj 


AW 


^^> 





2" spaces. 









Preliminary test of the single sticks. 








A 
B 
C 


Weight. 


King per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


Pounds. 
164 
197 
159 


9 
14 
12 


Inches. 
179.98 
179.98 
179.98 


Inches. 
4.48 
5.56 
4.45 


Incites. 
11.60 
11.60 
11.61 


Sq. inches. 
52.0 
64.5 
51.7 


Inches. 
150 
150 
150 


520 










168.2 




. 












M 
o 
33 
0Q 

A 
B 
C 


Loads applied. 


Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual. 


Pounds per 
square inch. 


Pounds. 
26,000 
32,250 
25,850 


500 
500 
500 


Inch. 
.0526 
.0430 
.0390 


Inch. 
.0010 
.0002 
.0002 


Inch. 
— .15 
0. 
.01 


Inch. 

0. 
— .01 
.01 



Test of the built post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal. 


Vertical, W. 


Vertical, E. 


Pounds. 


20,000 
40,000 
60,000 
80,000 
100,000 
140,000 
180,000 
200, 000 
220,000 
240,000 
260,000 
280,000 
300,000 
310, 000 
320,000 
330, 000 
340,000 
350,000 
360,000 
372,500 


Inch. 
0. 
0. 

— .01 

— .02 

— .02 

— .03 

— .04 

— .06 

— .07 

— .07 

— .08 

— .09 

— .10 

— .11 

— .14 

— .16 

— .17 

— .20 

— .21 

— .28 

— .50 


Inch. 

0. 

.02 
.03 
.03 
.02 
.01 
.01 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.01 
.03 


Inch. 
0. 


TJltimate strength = 2,215 lbs. 
per square inch. 








.07 




.10 





























Stick A crushed 22" from middle. 

Stick O crashed 8" from middle, both failures occurring in the 
vicinity of knots. 
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No. 692. 

Same style of post as No. 690, except two outside sticks got out of 
0// x 12" timber, middle stick got out of 5" x 12" timber. 




4 



i" space* 

Preliminary test of the single sticks. 



• 

2 

A 
B 
C 


Weight. 


Bingper 
inon. 


£& ™ 


1th. 

iss. 
J2 
H» 
JO 


- 


Depth. 


Sectional 
area. 


Gauged 
length. 


Pounds. 
248 
153 
218 


13 

12 

5 


Inches. 
1*7.25 
177.25 
177.25 


Incl 
5.( 
A.i 
5.( 


Inches. 
11.60 
11.60 
11.57 


Sq. inches. 
65.2 
52.2 
64.8 


Inches. 
150 
150 
150 


614 . 












182.2 


















• 

0Q 

A 
B 
C 


Loads applied. 


) 

i 
i 

1 

i _ 




Horizontal 
deflection. 


Permanent 

horizontal 

deflection. 

• 


Actual. 


Pounds ] 
square in 


per 
oh. 


Compression. 


V/U 


i 
i 

A 
A 
A 


set. 


Pounds. 
32,600 
26, 100 
32,400 


500 
500 
500 


Inch. 
.0580 
.0641 
.0768 




nch. 
KK)1 
)006 
H)12 


Inch. 

.06 

.08 

— .06 


Inch. 
.01 
.01 

0. 



Test of the built post. 



Loads 
applied. 


Deflections. 


Remarks. 


Horizontal. 


Vertical, W. 


Vertical, E. 


Pounds. 


20,000 
40,000 
60,000 
80,000 
100,000 
140,000 
180,000 
200,000 
220,000 
240, 000 
260,000 
280,000 
300,000 
310, 000 
320,000 
830, 000 
340,000 
350,000 
360,000 
363,000 


Inch. 

0. 

0. 

0. 

.01 
.01 
.01 
.01 

0. 

0. 
.01 

— .02 

— .04 

— .05 

— .07 

— .08 

— .07 

— .07 

— .09 

— .11 

— .18 

— .89 

1 


Inch. 

0. 

0. 

0. 

0. 
.01 
.03 
.06 
.09 
.09 
.10 
.10 
.11 
.12 
.12 
.13 
.16 
.19 
.20 
.21 
.21 
.21 


Inch. 
0. 








.05 






Ultimate strengths 1,992 pounds 
per square inch. 


— .10 








-.15 




—^. 27 














Stick O failed at a knot 1J" diameter, 10" from middle. 
Stick B failed at a group of knots 8" from middle. 



j 



TESTS OF IRON AND STEEL AND OTHER MATERIALS. 297 



ETo. 687. 

Swelled Post, 




r^uHiiy^' 



re^vw 



tifbtlts. 






1" spaces at ends. 
If" spaces at middle. 



Preliminary test of the single sticks. 






© 



© 
GO 

A 
B 
C 


Weight. 


Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


Pound*. 
151 
218 
167 


11 
8 
9 


Inches. 
180 
180 
180 


• 

Inches. 
4.50 
5.58 
4.52 


Inches. 
11.60 
11.62 
11.59 


Sq. inches. 
52.2 
64.8 
52.4 


Inches. 
150 
150 
150 


536 










169.4 
















, 






i 

0Q 


Loads applied. 


i 

Compres- 
sion. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 

horizontal 

deflection. 


Actual. 


Pounds per 
square inch. 


l 
1 

!a 

|B 

 C 

i 


Pounds. 
26,100 
32, 400 
26,200 


500 
500 
500 


Inch. 
.0460 
.0587 
.0533 


Inch. 
0. 

.0007 
.0008 


Inch. 

— .27 

.02 

.25 


Inch. 
0. 
0. 
.02 



Test of the built post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal. 


Vertical, W. 


Vertical, B. 


Pounds. 


20, 000 
40,000 


Inch. 


.02 
• 01 


Inch. 
0. 

.03 
.04 
.05 
.06 


Inch. 
0. 
0. 


Ultimate strength = 1,919 
pounds per square inch. 


60, 000 i . 01 
80, 000 ! . 01 






100, 000 .01 
140, 000 0. 


.07 
.08 


.03 


180,000 0. .08 
200, 000 1 — . 01 ! . 08 
220, 000 1 — . 01 - 08 




.05 


240, 000 j — . 04 
260,000 ! - .05 
280,090 ! — -08 


.07 
.08 
.10 
.08 
.09 
.09 








300, 000 
320,000 
325,500 


— .10 

— .21 

— .34 


.07 











Fibers of stick A failed at a knot 12" from middle. Stick C crushed 
fibers at a knot at middle of post. 



298 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

No. 688. 
Same style of post as No. 687. 




Directum, of 
JitvoT deflection. 



_z" spaces at ends. 

» Twiddle. 



lH m » 



Preliminary test of the single sticks. 



Stick. 


Weight. 


Rings 

per 

inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Ganged 
length. 


A 

B 
C 

! 


Pounds. 
176 
236 
163 


10 
10 
11 


Inches. 
180 
180 
180 


Inches. 
4.50 
5.62 

4.50 




Inches. 
It 60 
11.60 
11.60 


Sq. inches. 
52.2 
65.2 
52.2 


Inches. 
160 
150 
150 


575 










169.6 














Stick. 


Loads applied. 


Compres- 
sion. 


Compres- 
sion set. 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual. 


Ponnds 

per 
sq. inch. 


A 
B 
C 

i 


Pounds. 
26,100 
32,600 
26,100 


500 
500 
500 


Inch. 
.0565 
.0645 
.0703 


• Inch. 

.0002 
0. 

.0003 


Inch. 

— .29 

— .10 
.29 


Inch. 

— .01 

— .01 
.03 



Test of the ouiltpost. 



Loads ap- 
plied. 


Deflections. 


Bemarks. 


Horizontal. 


Vertical, W. 


Vertical, £. 


Pounds. 



20,000 

40,000 

60,000 

80,000 

100,000 

140,000 

180, 000 

200,000 


Inch. 
0. 
0. 


Inch. 
0. 
0. 
.02 


Inch. 
0. 


Sticks A and B have poor ap- 
pearance; color of wood dull, 
lifeless. Stick B contains 15 
knots from |" to 1£" diameter. 

• 

Ultimate strength = 1,804 
ponnds per square inch. 


0. 




0. -05 




0. 

0. 
— .01 
.— .01 


.06 
.07 
.08 
.08 




— .08 


— . 02 .08 




220, 000 — - 03 ! .08 




240,000 
260,000 
280,000 
300,000 
306,000 


— . 04 | .08 

— .06 .08 




— .10 

— .21 

— .40 


.06 
.06 
.06 














Failed by horizontal deflection, minus direction. Stick B failed at a 
knot at middle. 
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No. 689. 

Same style of post as No. 687. 




Direetufrv 




deflection,* 



Preliminary test of the single sticks. 



Stick. 


"Weight. 


Rings 

per 

inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Ganged 
length. 


A 
B 
C 


Pounds. 
188 
203 
150 


7 

11 

9 


Inches. 
180.05 
180.05 
180.05 


Inches. 
4.48 
5.60 
4.46 


Inches. 
11.60 
11.62 
11.57 


Sq. inches. 
52.0 
65.1 
5L6 


Inches. 
150 
150 
150 


550 


i : 




168.7 




1 1 

i 












Stick. 


Loads applied. 


Compres- 
sion. 


Compres- 
sion set. 






Permanent 
horizontal 
deflection. 


Actual. 


Pounds 

per 
sq. inch.. 


Horizontal 
deflection. 


A 
B 
C 


Pounds. 
26,000 
82,550 
25,800 


500 
500 
500 




Inch. 
.0510 
.0660 
.0789 


Inch. 
.0008 
.0002 
.0015 


Inch. 

— .03 

— .10 
.26 


Inch. 
0. 
0. 
.04 



Test of the built post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal. 


Vertioal, W. 


Vertical, E. 


Pounds. 



20,000 

40,000 

60,000 

80,000 

100,000 

140,000 

180,000 

200,000 

220,000 

240,000 

260,000 

280,000 

800,000 

820,000 

840,000 


Inch. 

0. 

.05 
.05 
.04 
.04 
.03 
.03 
.02 
.01 
.01 

0. 

0. 

- .01 
.01 

- .04 

- .14 


Inch. 

0. 

.02 
.04 
.06 
.06 
.06 
.07 
.09 
.10 
.11 
.11 
.11 
.12 
.12 
.14 
.15 


Inch. 
0. 
0. 


Stick C has 20 knots in it from 
|'' to li" diameter. 

Ultimate strength = 2,015 
pounds per square inch. 






- .07 




- .10 








—.13 







Sustained maximum load 3 minutes, increasing horizontal deflection 
from - ".14 to - ".60. 



300 TESTS OP IRON AND STEEL AND OTHER MATERIALS. 



No. 681 




^4"washer. 



Preliminary test of the single sticks. 




Stick. 


Weight. 


Kings 

per 

inch. 


A 
B 
C 
D 


Pounds, 
103 
192 
146 
167 


5* 
5 
9 
9 




688 









Total 
length. 



Inches. 
179. 95 
179. 95 
179. 95 
179.95 



Width, i Depth. 



Sectional 
area. 



Inches. 
4.47 
4.52 
4.48 
4.51 



Inches. 
11.60 
11.65 
11.65 
11.65 



Sq. inches. 
5L9 
52.7 
52.2 
52.5 



209.3 




Loads applied. 



Stick. 



A 
B 
C 

n 



Actual. 



Pounds 

per 
sq. inch. 



Pounds. 
25,960 
26,350 
26,100 
26,250 



500 
500 
500 
500 



Compres- , Compres- , Horizontal 
sion. i sion set. ' deflection. 



Inch. 
.0700 
.0714 
.0531 
.0762 



Inch. 
.0008 
.0003 
.0004 
.0006 



Inch. 

- .04 
.06 

— .12 
0. 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
0. 
0. 
.01 



Test of the built post. 



Loads ap- 
plied. 


— > 

Loads 

per 

square 

inch. 


Compres- 
sion. 


Compres- 
sion set. 


Deflections. 


Remarks. 


Hori- 
zontal. 


Verti- 
cal, W. 

Inch. 
0. 


Verti- 
cal, £. 


Pounds. 


104,660 



20,000 

40, 000 

60,000 

80,000 

100,000 

140,000 

180,000 

200,000 

240,000 

280,000 

800,000 

840,000 

850,000 

360,000 

868,000 




500 



Inch. 
0. 
.0575 


Inch. 
0. 


Inch. 
0. 


Inch. 
0. 


Compression measu red for 
150" on stick A. 

• 
Ultimate strength. 


0. 










0. 
0. 
0. 
0. 
0. 
0. 

— .01 

— .02 

— .05 

— .08 

— .10 

— .18 

— .26 

— .38 


.02 
.05 
.06 
.07 
.08 
.09 
.10 
.10 
.10 
.10 
.11 
.12 
.12 

.13 

« 


— .07 

— .05 

— .06 
















































































1,734 

















Failed by horizontal deflection, minus direction; fibers of sticks B 
and O crushed at middle of post, at some knots. 



TESTS OP IRON AND STEEL AND OTHER MATERIALS. 301 

No. 682. 

Same style of post as No. 681. 

n c jb ~a 

JDirectierv ff y 




lrspcLoos. 



Preliminary test of the single sticks. 



Stick. 



A 
B 
C 
D 



j Rings 
Weight. ! per 
inch. 



Pounds. 

. 161 
i.56 
163 
151 



631 



7 

14 

7 





Stick. 




Loads applied. 

I Pounds 
Actual. ! per 

sq. inch. 



Total 
length. 



Inches. 

180 
180 
180 
180 



Width. 



Inches. 
4.50 
4.50 
4.49 
4.50 



Depth. 



Inches. 
11.63 
11.64 
11.60 
11.63 



Sectional 
area. 



Sq. inches. 
52.3 
52.4 
52.1 
52.3 



209.1 



Pounds 
26,150 
26,200 
26,059 
26,150 



500 
500 
500 
500 



Gauged 
length. 



Inches. 
150 
150 
150 
150 



Compres- 
sion. 



Inch. 
.0612 
.0546 
.0542 
.0916 



Compres- 
sion set. 


Horizontal 
deflection. 


Inch. 
.0005 
.0004 
.0002 
.0007 


Inch. 

0. 
— .06 

0. 



Permanent 
horizontal 
deflection. 



Inch. 

0. 
— .01 

0. 

0. 



Test of the built post. 



Loads ap- 
plied. 



Pounds. 



20,000 

40,000 

60,000 

80,000 

100,000 

140,000 

180,000 

200,000 

240,000 

280,000 

300,000 

340,000 

360,000 

380,000 

400,000 

410,000 

414,000 



Deflections. 



Horizontal. 



Inch. 

0. 

.02 
.02 
.02 
.02 
.02 
.01 

0. 

0. 

— .01 

— .02 

— .03 

— .07 

— .11 

— .17 

— .26 

— .50 

— .70 



Vertical, W. 



Inch. 

0. 
.03 
.09 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.09 
.07 
.10 
.08 
.10 



Vertical, E. 



Inch. 
0. 



— .09 



— .07 

— Voi" 



0. 



Remarks. 



Ultimate strength = 1, 980 ponnds 
per square inch. 



Post deflected horizontally, minus direction. 
Stick D crushed at knots 24" from middle. 



302 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



No. 683. 
Same style of post as No. 681. 

jo c J* ^4 




l.qpacea. 



Preliminary test of the single sticks. 







Sings 


Stick. 


Weight. 


per 
inch. 




Pounds. 




A 


109 


10 


B 


219 


11 


C 


218 


9 


D 


181 


7 















Total 
length. 



Inches. 
180.08 
180.08 
180.03 
180.08 



Width. J Depth. 



Inches. 
4.46 
5.62 
5.60 
4.46 



Inches. 
1L68 
11.69 
11.70 
11.61 



Sectional 



Sq. inches. 
5L9 
65.7 
65.5 

51.8 



234.9 



Ganged 
length. 



Inches. 
150 
150 
160 
150 





Loads applied. 


Stick. 


Actual 


Pounds 

per 
so. inch. 


A 
B 
C 
D 


Pounds. 
25,950 
32.850 
82,750 
25,900 


500 
500 
500 
500 



Compies- J Compres- 
sion, sion set. 



Horizontal 
deflection. 



Inch. 
.0570 
.0880 

.0590 



Inch. 

0. 

.0002 
.0008 

0. 



Inch. 

.01 
0. 

.04 
— .04 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
0. 
0. 
0. 



Test of the built post 



Loads ap- 
plied. 



Pounds. 



20,000 

40,000 

60,000 

80,000 

100,000 

140,000 

180,000 

200,000 

240,000 

280,000 

300,000 

340,000 

380,000 

400,000 

420, 000 

440,000 

460,000 

480,000 

500,000 

501,000 



Deflections. 



Horizontal. 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .01 

— .01 

— .01 

— .01 
0. 

0. 
.01 
.04 
.13 



Vertical, W. 



Inch. 

0. 

0. 

0. 

0. 

0. 

.01 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 
.02 



Vertical, B. 



Inch. 
0. 



Remarks. 






0. 



04 



.13 



Ultimate strength = 2, 133 pounds j 
, per square inch. 



Stick A crushed 24" from middle. 

Stick B crushed 26" from middle. 

Stick O crushed 8" from middle. 

All failures occurring in the vicinity of knots. 
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No. 884. 

Swelled Post. 



r it 




il+'x* 



3£r 



'i*k& 



raasse 



-pg? 




© 



KrbOtt. 



J&eaaKer. 






*& 



Preliminary test of the single sticks. 



• 

QO 


Weight 


Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
are* 


Gauged 
length. 


A 
3 
C 
D 


Pounds. 
146 
210 
234 
166 


10 

12 

7 

10 


Inches. 
180 
180 
180 
180 


Inches. 
4.50 
5.64 
5.60 

4.48 


Inches. 
11.64 
11.50 
11.58 
11.61 


Sq. inches. 
52.4 
65.4 
64.8 
52.0 


Inches. 
150 
150 
150 
150 


756 










234.6 




















o 

00 

A 
B 
C 
D 


Loads applied. 


Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 


Actual. 


Pounds per 
square inoh. 


horizontal 

deflection. 


Pounds. 
26,200 
32,700 
32.400 
26,000 


500 
500 
500 
600 


Inch, 
.0664 
.0610 
.0548 
.0514 


Inch. 
.0006 
.0004 
0. 
.0602 


Inch. 
-.18 

.03 
0. 

.32 


Inch. 

0. 

0. 

.01 
.01 



Test of the btHlt post. 



Loads ap- 
plied. 


Deflections. 


Bentarks. 


Horizontal. 


Vertical, W. 


Vertical, B. 


Pounds. 

20,000 
40,000 
60,000 
80,000 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
300,000 
340,000 
380,000 
400,000 
430,000 
440,000 
450,000 
460,000 
470,000 
480,000 
490,000 
500,000 
510, 000 
520,000 
529,000 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
' .01 
.03 
.03 
.04 
.06 
.08 
.10 
.10 
.15 
.20 
.45 


Inch. 

0. 

.01 

0. 

0. 

— .01 

— .02 

— .04 

— .04 

— .04 

— .04 

— .05 

— .05 

— .05 

— .05 

— .06 

— .06 

— .06 

— .07 

— .07 

— .08 

— .08 

— .08 

— .08 

— .08 

— .08 

— .08 


Inch. 
0. 


Ultimate strength = 2,255 pounds 
per square inch. 

...... • 








.02 




.05 


.09 




.12 

























304 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Stick A, fibers crashed at middle. 
Stick B, fibers crashed 32" from middle. 
Stick 0, fibers crashed 8" from middle of post. 

No. 685. 
Same style of post as No. 684. 

d c JB JL 




End spaces 1" each, 
■inside middle space T; 
outside t, spaces jV each. 

Preliminary test of the single sticks. 



• 

■a 

CO 


Weight 


Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Ganged 
length. 


A 
B 
C 
D 


Pounds. 
145 
220 
209 
166 


10 

10 

12 

9 


Inches. 
180 
180 
180 
180 


Inches. 
4.50 
5.63 
5.61 
4.48 


Inches. 
11.60 
11.62 
11.62 
11.62 


Sq. inches. 
52.2 
65.4 
65.2 
52.0 


Inches. 
150 
150 
150 
150 


740 










234.8 
















• 

M 

1 

A 
B 

D 


Loads applied. 


Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


ActnaL 


Pounds per 
square inch. 


Pounds. 
26,100 
32,700 
38,600 
26,000 


500 
500 
500 
500 


Inch. 
.0645 
.0650 
.0506 
.0546 


Inch. 
.0005 
.0002 
.0004 
.0005 


Inch. 

— .30 

.07 

.05 

.35 


Inch. 
0. 

.01 
0. 

.02 



Test of the built post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal. 


Vertical, W. 


Vertical, E 


Pounds. 



20,000 

40,000 

60,000 

80,600 

100,000 

140, 000 

180,000 

200,000 

240,000 

280,000 

300,000 

340,000 

380,000 

400,000 

420, 000 

430,000 


Inch. 

0. 

.02 
.03 
.03 
03 
.03 
.04 
.05 
.05 
.07 
.09 
.10 
.12 
.15 
.17 
.13 
.04 


Inch. 

0. 

.03 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 


Inch. 
0. 
.02 


Ultimate strength = 1,831 
pounds per square inch. 










.11 




.11 













Sticks A and G failed at some knots 42" from the north end of the pots. 
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No. 686. 
Same style of post as No. 684. 



Direction of 
J\ncH deflection. 




TSrul spaces jl" eacTv, 
inside ^niddle space J'/ 
outside it spaces &C each. 



Preliminary test of the single sticks. 



M 
0Q 



tf eight. : »■«" p* 



Pounds. 

145 

183 



A 

C j 159 

D j 150 



inch. 



U 

10 

12 

8 



637 



Total 
length. 



Inchest. 
180 
180 

. 180 
180 



Width, i Depth. 



Inches. 
4.48 
4.50 
4.50 
4.52 



Inches. 
11.61 
11.56 
11.36 
11.61 



! Sectional 
area. 



Sq. inches. 
52.0 
52.0 
51.1 
52.5 

207.6 



Gauged 
length. 



Inches. 
150 
150 
150 
150 



Loads applied. 



M 
© 

CO 



A 
B 
O 
D 



Actual. 



Pounds. 
26,000 
26,000 
25, 550 
26,250 



Pounds per 
sqnaie inch. 



500 
500 
500 
500 



Compression. 



Inch. 
.0500 
.0315 
.0543 
.0680 



Compression 

set. 



Inch. 
.0002 
0. 

.0002 
.0005 



Horizontal 
deflection. 



Inch. 

- .25 
.07 
.02 
.05 



Permanent 
horizontal 
deflection. ' 



Inch. 

- .02 
.01 
.01 
.01 



Loads ap- 
plied. 



Test of the built post. 



Deflections. 



Pounds. 



20,000 

40,000 

60,000 

80,000 

100, 000 

120,000 

140,000 

160,000 

180, 000 

200,000 

220,000 

240,000 

260,000 

280,000 

300,000 

320,000 

340,000 

360,000 

380, 000 

395, 000 



Horizontal. 



Inch. 

0. 

0. 

0. 

0. 

0. 

.01 
.01 
.02 
.02 
.02 
.03 
.04 
.04 
.04 
.05 
.06 
.07 
.09 
.11 
.17 
Ah't. 30 



Vertical, W. 



Inch. 

0. 

.05 
.10 
.13 
.14 
.15 



Vertical, 


E. 


Inch. 

0. 

0. 


1 







Remarks. 



Stick A has very poor appear- 
ance. Dead wood along the 
corner about 3 square inches 
area. 



0. 



.14 
.14 




• 


.14 






.14 






.14 






.14 






.14 
.14 


.01 


i 


.14 




Ultimate strength = 1,903 
pounds per square inch. 


.13 




.13 




.12 




.11 
.11 


.04 











Failed by horizontal deflection in plus direction. Horizontal deflec- 
tion increased rapidly when the ultimate load was reached. Fibers of 
stick A crushed at the £" bolt-hole, and in vicinity of two knots £" 
diameter at middle, a sharp bend occurring at this point. 
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20 
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OOMPKESSION TESTS OF YELLOW-PINE POSTS. 



No. 565. 



< T 



Jik, 



00J06 



Average growth, 20 rings per inch. 
Sectional area, 3.03 square inches. 
Gauged length, 50". 
Weight, 47 pounds. 
Not counterweighted. 
Post free from knots. 



Loads ap- J Pounds per 
plied. ' square inch. 



Pounds. 

3,030 

15,] 50 



p„ m ^ M » i^ Permanent 
Compression. * 



30,300 
45,450" 

"So," 666 
i72,*oo6" 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

5,677 



Inch. 
0. 
.0108 



Inch. 



Remarks. 





0. 


.0225 








.0005 


.0350 






.0010 


.0485 




.0020 









Ultimate strength. 



Crushed fibers 12" from end. 



No. 566. 



c 




'<** 



60?10 



Average growth, 12 rings per inch. 
Sectional area, 30.2 square inches. 
Gauged length, 50". 
Weight, 44 pounds. 
Not counterweighted. 



plied. 

Pounds. 

3,020 

15, 100 

"30,200" 

"45,366"" 

"66,466" 

"ui,"666" 



Loads ap- Pounds per n^ mn ^ aa t nn 
«H*d amm™ i„«v I Compression. 



square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

4,669 



Permanent 
set. 



Inch. 
0. 
.0126 



Inch. 



.0247 
"."6430" 

.0590 



.0002 

.6662" 

"6667" 

"fooio" 



Remarks. 



Ultimate strength. 



Failed at knots 15" from end. 
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No. 567. 



4 



"^ 



go: 10 



Sectional area, 30.4 sqaare inches. 

Gauged length, 50". 

Weight, 45 pounds. 

Not counterweighted. 

Average growth, 25 rings per inch. 



1 

Loads ap- 
plied. 


Founds per 
sqaare inch. 

100 

500 

100 
1,000 

100 
1,600 

100 
2,000 

100 
5, 526 


Compression. 

Inch. 
0. 
.0080 


Permanent 
set. 


Remarks. 


Pounds. 

3,040 

15,200 


Inch. 

................. 


1 





1 
| 


0. 


' 


30,400 


.0200 



' 


i" 




! 45,600 


.0318 


( 


0. 






60,800 


.0441 


i 


.0005 


1 


168, 000 





Ultimate strength. 








Failed at knots at 9" and 17" from end. 




eo/'jo 



No. 568. 



Sectional area, 30 square inches. 
Weight, 47 J pounds. 
Not counterweighted. 

Post has a large knot near each end, straight-grain section between 
the knots. 
Two gauged lengths. 

Gauged length A, 15" on straight-grain section. 
Gauged length B, 10" on section containing knot. 
Average growth, 20 rings per inch. 



Loads 
applied. 



1 Pounds. 

3,000 ! 
. 15,000 
| 80,000 

|""45,'000" 
' 60,000 



Pounds | Compression. 

per 

sqaare ! I 

inch. < Section A. I Section B. 



Permanent set. 
Section A. Section B. 



Remarks. 



108,000 



100 

500 
1,000 

100 
1,500 
2,000 

100 
3,600 



Inch. 

0. 

.0033 
.0070 



Inch. 



.0105 
.0140 



Inch. 

0. 

.0058 
.0139 



0. 



.0225 
.0315 



0. 



Inch. 



.0008 i 
'."6025" 



Ultimate strength. 



Failed at knot 8" from end. 
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No. 562. 

Season- enactor. jo"x 3." x *+"Z0n&. 



% 






«5fc- 



as.lba 



Sectional area, 30.1 square inches. 
Ganged length, 50" 
Weight, 72£ pounds. 
Not counterweighted. 



1 

Loads ap- 
plied. 

1 Pounds. 
3, 010 


Ponnds per 
square inch. 

100 

500 

100 
1,000 

100 
1,500 

100 
2,000 

100 
4,651 


Compression. 

Inch. 
0. 
.0114 


Permanent 
set. 

Inch. 


Remarks. 

i 

i 
i 

i 

i 

1 Ultimate strength. 

, — * 


~ ~~~ 


15, 050 




0. 


30,100 


.0250 


0. 


45,150 


.0395 


.0005 


1 60,200 


.0537 


.0010 


140,000 









Failed by opening season cracks and crushing fibers. 



No. 563. 







^, 



*9 



&0.14, 



Sectional area, 29.8 square inches. 
Ganged length, 50". 
Weight, 59J pounds. 
Not counterweighted. 



Loads ap- 
plied. 



Pound*. 
2,980 
14,900 



Ponnds per 
square inch. 



29,800 
'44,700" 



59,600 
*i24,"000* 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

4,161 



Compression. 


Permanent 
set. 


Inch. 
0. 


Inch. 


.0123 






0. 


.0280 






.0004 


.0445 






.0010 


.062i 






.0021 



Remarks. 



Ultimate strength. 



Failed at some knots 30" from end. 



No. 564. 



A, 



L< 2T/ 



^> 



t*o."is 



Sectional area, 29.9 square inches. 
Ganged length, 50". 
Weight, 57 pounds. 
Not counterweighted. 



A 
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Loads ap- 
plied. 


Pounds per 
square inch. 

100 

500 

100 
1,000 

100 
1,500 

100 
2,000 

100 
4,799 


Compression. 


Permanent 
set. 

Inch. 


Remarks. 

i 

| Ultimate strength. 


• 


Pounds. 
2,990 
14,950 

* 


Inch* 
0. 
.0100 








. o. 




29,900 


.0226 




.0002 




44,850 


.0370 

.0512 
•* 




.0005 




59,800 




.0009 




143, 500 













Crushed fibers at knot, -27" from end. 



No. 559. 




i'2S C 



"**<• 



iao"i7 



Sectional area, 30.1 square inches. 

Gauged length, 100." 

Weight, 86 pounds. 

Not counterweighted. 

Initial deflection before dressed from size 6"x6" : Horizontal, ".25. 



Loads ap- 
plied'. 



Pounds. 

3,010 

15, 050 



30,100 
I 

! 45,150 



60,200 



1 Pounds 
! per square 
! inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Compres- 
sion. 



Inch. 



0. 



80,000 
100, 000 
120, 000 
140, 000 
146,200 



4,857 



.0190 

.0440" 

"0700* 

7 0964* 



Permanent 
set. 

Inch. 


Deflections. 


Horizontal. 


Vertical. 


Inch. 
0. 


Inch. 

0. 




0. i 0. 



Remarks. 



0. 

"o* 

"."0002" 
.6010" 



0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
.02 
.07 
.15 



0. 
.01 

0. 
.01 

0. 
.01 

0. 

.01 
.01 
.01 
.04 
.15 



Ultimate strength. 



Failed by deflecting upwards, crushing fibers in the vicinity of knots 
at middle of post. 



'5FN.- 






No. 560. 



isdHie 



Sectional area, ,30.1 square inches. 

Gauged length, 100". 

Weight, 88£ pounds. 

Not counterweighted. 

Cross-grained stick with season cracks. 
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Loads ap- 
plied. 



Pounds. 

3,010 

11,050 

30,100* 

45,'i50" 

*60,26b" 



70,000 
80,000 
90,000 
100, 000 
110, 000 
120, 000 
HO, 000 
139, 000 



Pounds 

per square 

inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Compres- 
sion. 



Inch. 
0. 
.0207 

"."0480* 

."6750* 



4,618 



. 1030 - 



I 



Permanent 
set. 



Inch. 

Vooio" 

"."6016" 

V66i8 

.0025" 



Deflections. 



Horizontal. 



Inch. 
0. 

— .01 
0. 

— .04 



Remarks. 



Vertical. 



— .06 
0. 

— .06 
0. 

— .07 

— .07 

— .06 

— .05 

— .05 



Inch. 
0. 

— .03 
0. 

— .10 



— .16 


— .21 
0. 

— .28 

— .34 

— .40 

— .46 

— .46 

— .70 

— .90 



Ultimate strength. 



Failed, crushing libers at knot at middle of post; deflected down 
■ward. 

No. 561. 









220.XS 



Sectional area, 30.3 square inches. 
Gauged length, 100". 
Weight, 110 pounds. 
Not counterweighted. 
Worm-eaten post. 



Loads ap- 


1 

Pounds 
, per square 
inch. 

100 

! 500 

100 

; 1, 000 

; 100 

1 1,500 
100 

; 2, 000 

\ 100 


Compres- 
sion. 

Inch. 
0. 
.0164 


Permanent 
set. 


Deflections. 


1 

Remarks. 


plied. 


Horizontal. 


Vertical. 

1 


Pounds. 

3,030 

15, 150 


Inch. 


Inch. 
0. 

— .01 
0. 

— .01 
0. 

— .02 
0. 

— .02 
0. 

— .02 

— .04 

— .05 

— .05 

— .05 

— .06 

— .07 

— .10 


Inch. 
\ 0. 

0. 
1 0. 

0. 

0. 
; - .02 

0. 

— .04 
0. 

— .05 

— .06 

— .07 

— .09 

— .10 

— .11 

— .12 
-.13 


1 

! 

! 

j Ultimate 






0. 




30, 300 


.0385 




0. 
0. 


45, 450 


.0600 


60,600 


.0820 



............ 


.0010 


70, 000 
80, 000 
90, 000 
100, 000 
110,000 
120, 000 
130, 000 
140, 000 
143, 600 




' 


1 
















1 . ..... 

































1 






i 


4, 739 






strength. 











Failed by crushing fibers in vicinity of knot at middle of post. 
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No. 556. 






fibres c rush* ci _^ 






<r* 



12. 



Sectional area, 30.5 square inches. 
Weight, 126 pounds. 
Gauged length, 100". 
Counterweight at middle, 64 pounds. 



:.J 



Loads 
applied. 



Pounds. 

3,050 

15,250 

36,566'" 

45," 550* 

6i*o66 



Pounds 

per square 

inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Compres- 
sion. 



Inch. 
0. 
.0190 

"."6438" 

"'.6686' 

.6932" 



Permanent 
set. 



Inch. 

6. 

-."6666" 
"".6664" 
.6662 



Deflections. 



Horizontal. 



Remarks. 



Vertical. 



70, 000 
80, 000 
90,000 
100, 000 
110, 000 
120, 000 
130, 000 
140, 000 
150, 000 
156, 000 



5,114 



Inch. 

0. 
.01 

0. 
.03 

0. 
.05 

0. 
.08 

0. 

.09 
.11 
.14 
.16 
.19 
.23 
.28 
.35 
.49 
.85 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

- .02 

- .05 

- .11 

- .11 



Ultimate strength. 



Failed by deflection sideways. Crushed fibers at knot 12" from end 
of post. 

No. 557. 






5> 



7<f?."j*> 



Sectional area, 30.2 square inches. 
♦Gauged length, 100". 
Weight, 128 pounds. 
Counterweight at middle, 64 pounds. 



Loads ap- 


Pounds 
per square 
inch. * 

100 

500 

100 
1,000 

100 
1,500 

100 
2,000 

100 


Compres- 
sion. 

Inch. 
0. 
.0166 


1 

Permanent 
set. 

Inch. 


Deflections. 


1 

! 

Remarks. 

1 

1 


plied. 


Horizontal. 

Inch. 

0. 

0. 

0. 

0. 

0. 

- .02 
0. 

- .04 
0. 

- .05 

- .06 

- .10 

- .11 

- .14 

- .18 

- .24 

- .34 

- .70 


Vertical. 


Poundn. 

3, 020 

15, 100 


Inch. 

0. 

0. 

0. 

0. 

0. 

- .01 


- .03 
0. 

- .04 

- .06 

- .10 

- .11 

- .13 

- .16 

- .20 

- .29 

- .50 


1 

t 
1 

1 

1 






0. 


30, 200 


.0386 


. 6667 


45, 300 


.0610 


.0009 


60, 400 


.0840 


. 0010 


70, 000 




80, 000 
100,000 






1 






! 


110, 000 








120, 000 








! 


130, 000 






'i 


. 


140,000 









' 


150,000 








150, 000 


"», 100 






i Ultimate strength. 

1 






, 



Failed by deflecting diagonally downward and sideways. 
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No. 558. 






tsoTao 



Sectional area, 30.3 square inches. 
Gauged length, 100". 
Weight, 141J pounds. 
Counterweight at middle, 04 pounds. 



r 



Loads ap- „i?XLfL» '< Compres- • Permanent 
plied/ **\%*S?* ■&. ! set. 



Deflections. 



Horizontal Vertical. 



Pounds. 
3,030 
15,150 



30, 300 
45,"45o" 
60, 600 ' 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Inch. 
0. 
.0172 



Inch. 



.0400 

.0629' 

"0865" 



0. 

11 V 6064" 

—"."0663" 
"H"."0002" 



70,000 
80,000 
90,000 
100, 000 
110,000 
120,000 
130,000 
140, 000 
150,000 



4,950 



Inch. 
0. 

— .07 
0. 

— .12 

— .01 

— .17 

— .01 

— .19 

— .01 

— .21 

— .22 

— .25 

— .27 

— .29 

— .31 

— .36 

— .40 

— .66 



Inch. 
0. 
0. 
0. 

0. 
0. 
0. 
0. 

— .02 
0. 

— .04 

— .05 

— .06 

— .08 

— .09 

— .10 

— .11 

— .12 

— .12 






Remarks. 



Ultimate strength. 



Failed by deflecting sideways and upwards, changing the direction 
of the vertical deflections after passing the maximum load. 



No. 553. 



•^ 






ISO' 2 2 



Sectional area, 30.1 square inches. 
Weight, 140 pounds. 
Gauged length, 100". 
Counterweight at middle, 64 pounds. 



Loads ap- 
plied. 



Pounds. 

3,010 

15,050 



Pounds 

per square 

inch. 



100 
500 
100 



Compres- 
sion- 



Inch. 
0. 
.0230 



Permanent 
set. 



Inch. 



.0002 



30, 100 




40, 000 


50, 000 


60,000 


70,000 


80,000 


90. 000 


99,200 



3,296 



Failed by deflecting downward. 



Deflections. 
Horizontal.' Vertical. 



1, 000 . 0552 


.....::::... 


100 




0. 




I 
















1 
1 










Inch. 
0. 

.01 
0. 

.01 
0. 



-4- 
+ 

+ 



02 
02 
02 
04 
05 
08 
27 



Inch. 

0. 
.04 

0. 

.05 
.01 
.06 
.07 
.07 
.04 

0. 

— .10 

— .80 



Remarks. 



Ultimate strength. 



I 



J 
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No. 554. 









J80."24 

Sectional area, 30 square inches. 
Gauged length, 100". 
Weight, 148 pounds. 
Counterweight at middle, 76 pounds. 




Loads ap- 
plied. 



Pounds. 

3,000 

15,000 

30, 000* 

45,000 

60, 000 



70,000 
80, 000 
90,000 
100, 000 
110, 000 
120, 000 
130, 000 



Pounds 

per square 

inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Compres- Permanent 
sion. set. 



Deflections. 



4,333 



Inch. 

0. 
.0189 



.0435 

.0688" 

.0935 



Inch. 



0. 

0. 

.0002 
6. 



Horizontal. 


Vertical. 


Inch. 


Inch. 


.03 


.03 


.03 


.03 


.03 


.03 


.03 


.01 


.03 


.03 


.03 


0. 


.03 


.03 


.04 


— .02 


.03 


.03 


.05 


— .02 


.07 


— .03 


.07 


— .04 


.10 


— .06 


.13 


— .07 


.20 


— .08 


.52 


— .02 



Remarks. 



Ultimate strength. 



Failed by deflecting sideways, reversing the vertical deflections and 
bending upward slightly. 

No. 555. 




"• 3.90. as 

Sectional area, 30.3 square inches. 
Gauged length, 100". 
Weight, j.48 pounds. 
Counterweight at middle, 76 pounds. 



Loads ap- 
plied. 



Povmds. 

3,030 

15, 150 



30, 300 
45,450 
60,600** 



70, 000 
80. 000 
90, 000 
100, 000 
110,000 
120, 000 
129, 000 



Pounds 

per square 

inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Compres- Permanent 
sion. set. 



Inch. 
0. 
.0200 



Inch. 



.0450 

.0706' 

.0970* 



0. 

6." 

.ooii' 

.0016 



Deflections. 



Horizontal., Vertical. 



1 




t 

............1 










4,257 













Inch. 


Inch. 


0. 


0. 


— .02 


— .01 


0. 


0. 


— .05 


— .02 


0. 


0. 


— .05 


— .02 


— .01 


0. 


— .06 


— .02 


— .01 


0. 


— .07 


— .02 


— .07 


— .02 


— .07 


— .03 


— .08 


— .04 


— .11 


— .06 


— .16 


— .09 


— .50 


— .30 



Remarks. 



Ultimate strength. 



Failed by deflecting diagonally downward and sideways. 
H. Ex. 1 21 
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No. 550. 






^ 



^ 



'** 



BIO." 34 



Sectional area, 30 square inches. 
Weight, 172 pounds. 
Counterweight at middle, 88 pounds. 

Initial deflection before stick was dressed down from size 6" x 6": 
Vertical, - ".25. 



Loads ap- 
plied. 

i 



Pounds. 
2,000 
•4,000 
6,000 
8,000 
10,000 
14,000 
18,000 
20,000 
22,000 
26,000 
30,000 
34,000 
38,000 
40,000 
50,000 
60,000 
70,000 
80,000 
90,000 



Pounds 
I per square 
inon. 

i 


Compres- 
sion. 

Inch. 


Permanent 
set. 

Inch. 




































i 








• 




i 



i 






1 






1 






1 












' 












i 3,000 






| V, wuu 







Deflections. 


' 




— 


Remarks. 


>rizontal. 


Vertical. 


 i 




• 


i — ~ 


Inch. 


Inch. 




- .06 


— .08 




— .06 


— .06 


I i 


— .06 


— .05 


i 


— .06 


— .04 




— .06 


— .02 




— .06 


— .01 




— .07 


0. 




— .08 


0. 




— .09 


0. 




— .10 


0. 


i 


— .10 


0. 




— .11 


0. 


i 


— .13 


0. 




— .16 


0. 




— .20 


0. 




— .26 


0. 




— .35 


0. 




— .51 


— .01 




-1.03 


— .06 


Ultimate strength. 


- 


- 


'- . . 



Failed suddenly under the maximum load, deflecting sideways, split- 
ting the stick at the middle where it was cross-grained. 



No. 551. 






"as e 



2± 



210. as 



J 



Sectional area, 29.8 square inches. 
Weight, 180J pounds. 
Counterweight at middle, 88 pounds. 

Initial deflection before stick was dressed down from size 6" x 6": 
Horizontal, ".25. 



Loads ap- 
plied. 



Pounds per 
square inch. 



Pounds. 
2,000 
4,000 
6,000 
8,000 
10,000 
14,000 



Deflections. 



Horizontal. 



i _ 



Inch. 
.09 
.09 
.10 
.10 
.10 
.11 



Vertical. 



Inch. 
.09 
.09 
.09 
.09 
.09 
.09 



Remarks. 
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Pounds per 
square inch. 



Deflections.  



Horizontal , Vertical. 



Pounds. 
18,000 
22,000 
26,000 
30,000 
40,000 
50, 000 
60,000 
70,000 
80,000 
90,000 
100, 000 
109,000 



3 658 



Deflected sideways. 

t 



&r 



+•* 



2io: sa 



Inch. 
.11 
.12 
.13 
.14 
.17 
.21 
.26 
.33 
.45 
.60 
.89 
1.95 



Inch. 
.09 
.09 
.09 
.09 
.09 
.10 
.10 
.11 
.12 
.14 
.20 
.50 



Kemarks. 



Ultimate strength. 



No. 552. 



Sectional area, 30.3 square inches. 
Weight, 167J pounds. 
Counterweight at middle, 88 pounds. 



Loads ap- 
plied. 



Pounds. 

2,000 

4.000 

6,000 

8,000 

10,000 

14, 000 

18, 000 

22,000 

26, 000 

30,000 

40,000 

50, 000 

60,000 

70,000 

80,000 

90,000 

93,000 



Deflections. 



Pounds per !. 
square inch. J 



Horizontal. < Vertical. 



3,069 



Inch. 


Inch. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


0. 


— .01 


0. 


— .01 


0. 


— .02 


.01 


— .03 


.01 


— .03 


.01 


— .05 


.01 


— .06 


.01 


— .09 


.01 


-.14 


.01 


— .25 


.01 


— .52 


.01 


—1.42 


.01 



Kemarks. 



Ultimate strength. 



Deflected horizontally. 



No. 548. 




240 '/jO 



"68 e 



z^, 



Sectional area, 29.4 square inches. 
Weight, 185 pounds. 
Counterweight at middle, 88 pounds. 

Initial deflection before stick was dressed down from size 6"x6": 
Horizontal, + "62. 
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Loads ap- i Pounds per 
plied. ! square inch. 



Pound*. 
2,000 
4,000 
6,000 
8,000 
10,000 
14,000 
18,000 
22,000 
26,000 
30, 008 
34,000 
38,000 
42, 000 
46, 000 
50, 000 
54, 000 
56,000 
58,000 
62,000 
66, 000 
70,000 
74,000 
78,000 
80, 000 
82, 000 



2,789 



Deflections. 


Horizontal, i 


Vertical. 


1 
Inch. 


i 

Inch. 


0. 


0. 


— .05 


.01 


-.07 j 


.02 


— .08 


.02 


— .00 


.02 


— .10 


.02 


— .11 


.02 


— .13 


.02 


— .15 


.02 


— .17 i 


.02 


— .19 


.02 


— .20 


.01 


— .23 


.01 


— .25 


0. 


— .30 | 


0. 


— .32 


0. 


— .35 


0. 


— .36 


0. 


— .40 


0. 


— .50 


0. 


— .60 


0. 


— .75 


0. 


— ].00 


.05 


— 1. 2H 

i 


.08 
, Ul 


 





Remarks. 



Ultimate strength. 



Failed by deflecting sidewaj's. 

No. 549. 

*' 2 4 0." 3^ 



-% 



2^ 



•g wt,n-£%T,ri4p. 



V 



Sectional area, 29.8 square inches. 

Weight, 185 pounds. 

( 'ou liter weight at middle, 88 pounds. 

.Post was j*" winding before dressed down from size &'x&'i 



Deflections. 



Loads :>]• 


plu-il. 


Pounds. 


2,000 


4,000 


6,000 


8,000 


10, 000 


14, 000 


18, 000 


22,000 


26, 000 


30, 000 


40, 000 


50, 000 


54. 000 


00, 000 


Go, 000 


70, 000 


72, 000 


74, 000 


76, 000 


78, 000 


80, 000 


82, 000 


84, 000 


86, 000 


87, 800 



Pounds per < 
i H<i«miv inch, j 



Remarks. 



Horizontal, i Vertical. 









_ 












— 
















— 


( 
1 




1 




1 


— 


























2,946 


— 



Inch. 
.(4 
.05 
.05 
.05 
.05 
.05 
.05 
.06 
.06 
.07 
.09 
.11 
.16 
.18 
.20 
.21 
.22 
.25 
.26 
.30 
.34 
.37 
.45 
.56 
.97 



Inch. 

— .06 

— .08 

— .10 

— .11 

— .12 

— .13 

— .14 

— .15 

— .16 

— .18 

— .22 

— .29 

— .40 

— .41 

— .43 

— .48 

— .52 

— .58 

— .61 

— .67 

— .75 

— .83 

— .96 
—1.13 
—1.59 



Ultimate strength. 



Deflected downward and sideways. 
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No. 545. 




.S8 d JC 



■\ 



u 
.2S X 



apo.'as 



Sectional area, 31 .5 square inches. 
Weight, 212 pounds. 
Counterweight at middle, 108 pounds. 

Initial deflections before stick was dressed down from size G"x(>": 
Horizontal, — ".25; vertical, + ".38. 



Deflections. 



Loads ap- 
plied. 



Pounds. 
2,000 
4,000 
6,000 
8,000 
10,000 
12, 000 
16,000 
20,000 
24,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 
40, 000 
42, 000 
44,000 
46,000 
48,000 
50,000 
52,000 
54,000 
56,000 
58,000 
60,000 
62, 000 
64,000 
66,000 
68,000 
70,000 
73, 700 



Pounds per 
square inch. 



2,340 



1 Horizontal. 



Inch. 

— .10 

— .10 

— .10 

— .10 

— .11 

— .11 

— .12 

— .15 

— .16 

— .18 

— .20 

— .20 

— .22 

— .23 

— .25 

— .27 

— .28 

— .80 

— .32 

— .34 

— .36 

— .38 

— .40 

— .45 

— .49 

— .54 

— ;eo 

— .68 

— .75 

— 86 
—1.00 
—1.75 
—2.80 



Vertical. 



Inch. 

0. 

0. 

0. 

.01 
.01 
.01 
.01 
.02 
.02 
.03 
.03 
.04 
.04 
.04 
.05 
.06 
.07 
.08 
.00 
.10 
.11 
.12 
.13 
.14 
.16 
.19 
.21 
.25 
.30 
.34 
.43 
.90 

1.80 



Remarks. 



Ultimate strength. 

Sudden spring when deflection 
reached this amount, sustain- 
ing about 60,000 pounds at the 
time. 



No. 546. 



"fe 



V , 






^ 



Sectional area, 29.8 square inches. 

Weight, 189 pounds. 

Counterweight at middle, 96 pounds. 

This stick was |" winding before dressing down from size 6"x6". 
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Loads ap- 
plied. 



Pounds per 
square inch. 



Pounds. 

2,000 

4,000 

6,000 

8,000 

10, 000 

14,000 

18,000 
22,000 

26,000 

30,000 

34,000 

38, 000 

42,000 

46, 000 

50, 000 

54, 000 

56, 000 1, 879 



Deflections. 



Horizontal. Vertical. 



Remarks. 



Inch. 
.04 
.07 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.09 
.06 
.03 

- .02 

- .16 

- .50 



Inch. 
0. 
.03 
.06 
.08 
.09 
.11 
.13 
.16 
.19 
.22 
.26 
.31 
.37 
.47 
.65 
.98 



Ultimate strength. 



Failed by vertical deflection. 



No. 547. 




.3 8 ) C 



f 



~.^j2l 



270. 30 



Sectional area, 31. V square inches. 
Weight, 266 pounds. 
Counterweight at middle, 140 pounds. 

Initial deflection before stick was dressed down from size (>"x6": 
Vertical, -".38. 



Loads ap- < Pounds per 
plied. ' square inch. 



Pounds. 

2,000 

4,000 

6,000 

8,000 

10, 000 

14, 000 

18, 000 

22, 000 

26, 000 

30, 000 

34, 000 

38, 000 

42, 000 

46, 000 

50, 000 

54,000 

58, 000 

62, 000 

62,500 



Deflections. 


Horizontal. 


Vertical. 


Inch. 


Inch. | 


- .20 


- .14 


- .20 


- .12 


- .20 


- .10 


- .20 


- .10 


- .20 


- .09 


- .20 


- .09 


- .20 


- .10 



1,972 



Remarks. 



Snapping sounds. 



Ultimate strength. 



Failed by deflecting sideways in plus direction and upwards. 

Before the maximum load was reached, crack at A opened on the con- 
vex side corner about £ square inch, splintering partly off, forming a 
loop. At the time of maximum load this splinter broke by compression 
and at the same time the deflections were reversed, changing from minus 
to plus directions, the splintering corner now being on the concave side. 
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No. 508. 









*SS,JC 






* 


t 300?8G 




'** 





Sectional area, 29.9 square inches. 
Weight, 210 pounds. 
Counterweight at middle, 105 pounds. 

Initial deflection before dressing down from size 6" x 6" : Vertical, 
+ ".38. 



Loads ap- , Pounds per 
plied. { square inch. 



Deflections. 



Horizontal. Vertical. 



Remarks. 



Pounds. Inch. 

2,000 : + .18 

4,000 j +.18 

6,000 | + .18 

8,000 + .18 

10,000 ,.'. -f .18 

12,000 i .20 

14,000 .21 

16,000 , .22 

18,000 .24 

20,060 ; .25 

22,000 .29 

24,000 .30 

26,000 .33 

28,000 .36 

30,000 .40 

32,000 .45 

34, 000 .50 

36,000 .55 

38, 000 .59 

40, 000 .67 

42, 000 .76 

44,000 .89 

45, 000 .97 

46, 000 1 06 

47,000 1.17 

18,000 , 1.30 

49,000 1.45 

50,000 1.68 

51,000 1.95 

52, 000 1, 739 2. 40 



j r nch. 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.13 
.14 
.15 
.17 
.18 
.18 
.19 
.20 
.20 
.22 
.23 
.25 
.27 
.30 
.32 
.33 
.35 
.38 
.40 
.44 
.50 
.56 



Snapping sounds. 



Ultimate strength. 



Failed by deflecting sideways and upward. 



No. 509. 






-^ 



300 '. ao 



Sectional area, 30 square inches. 

Weight, 235 pouu4s. 

Counterweight at middle, 117 pounds. 



1 
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*i 



Loads ap- 
plied. 



Pounds per 
square inch. 



Defleotions. 



Horizontal. 



Pounds. i Inch. 

2,000 , - .08 

4,000 1 - .12 

6,000 - .14 

8,000 - .15 

10,000 I - .17 

12, 000 - . 18 

14,000 - .18 

16,000 - .18 

18,000 - .18 

20, 000 - . 19 

22,000 ! - .20 

24,000 ; - .20 

26,000 I - .21 

28,000 ! - .22 

30,000 - .23 

32,000 - .25 

34,000 - .26 

36,000 - .28 

38,000 - .30 

40,000 | — .32 

42,000 ! - .34 

44,000 i - .36 

46,000 ' - .40 

48,000 ' ; - .45 

50,000 , - .51 

52,000 - .64 

54,000 . - .78 

56,000 -1.00 

58,000 -1.48 

59, 000 1, 967 -2. 12 



Vertical. 

Inch. 

0. 

0. 
.01 
.02 
.02 
.03- 
.04 
.05 
.05 
.05 
.06 
.06 
.07 
.08 
.09 
.10 
.10 
.10 
.11 
.11 
.11 
.11 
.11 
.11 
.11 
.12 
.12 
.12 
.12 
.11 



No. 510. 



Remarks. 



Ultimate strength. 




^ 



Sectional area, 29.8 square inches. 

Weight, 210 pounds. 

Counterweight at middle, 105 pounds. 

Post ".38 winding before dressing down from size 6" x 6". 



Loads ap- 
plied 



Pounds. 
2,000 
4, 00 J 
6,000 
8,000 
10, 000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 
24 000 
26,000 
28,000 
30,000 
32,000 
34,000 
36,000 
38,000 
40,000 
42,000 
44,000 
46,000 
48,000 
50,000 
51,000 
53,000 
54,000 
55,000 
55,500 



Pounds per 
square inch. 



Deflections. 



Horizontal. Vertical. 



Remarks. 



1,862 



Inch. 

— .04 

— .01 
0. 

0. 
0. 
0. 
0. 

4- .01 

.02 
.02 
.03 
.04 
.06 
.08 
.10 
.12 
.13 
.15 
.18 
.22 
.26 
.30 
.40 
.50 
.63 
.75 
1.05 
1.38 
1.63 



Inch. 



+ 
+ 



.05 
.05 
.04 
.02 

0. 

0. 

0. 
.02 
.04 
.05 
.06 
.07 
.08 
.09 
.10 
.11 
.12 
.13 
.15 
.16 
.17 
.18 
.20 
.20 
.20 
.20 
.21 
.21 
.20 



Ultimate strength. 
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No. 499. 




.38, X 



rr 



980.4+ 



Sectional area, 28.1 square inches. 
Weight, 258 pounds. 
Counterweight at middle, 129 pounds. 

Initial bend in post before dressing down from size 3" x 6" : Vertical, 
+".38. 



Loads ap- 
plied. 



Pounds. 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 
10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22.000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 
31,000 
32,000 
33,000 
34,000 
35,000 
36,000 
37,000 
38,000 
39,000 
40,000 
41,000 
42,000 
43,000 
44,000 
45,000 
46,000 
47,000 
48,000 
49,000 
50,000 
51,000 
52,000 
53,000 
54,000 
55,000 
56,000 
57,000 
58,000 
59,000 
60,000 
60,800 



Pounds per 
i square inch. 



Deflections. 



Remarks. 



Horizontal. ! Vertical. 



2,163 



Inch. 
0. 
0. 

- .02 

- .05 

- .08 

- .08 

- .08 

- .07 

- .07 
-.07 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .08 

- .06 

- .06 

- .06 

- .05 

- .04 

- .04 

- .02 

- .02 

- .02 

- .02 









02 

05 

.06 

.08 

.10 

.12 

.15 

.19 

.21 

.27 

.32 

.44 

.55 

.72 

LOO 

2.00 



+ 



Inch. 

-f .30 
.30 
.24 
.20 
.16 
.15 
.13 
.12 
.10 
.10 
.10 
.1(1 
.10 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.08 
.07 
.07 
.06 

• 06 
.06 

• 05 
05 

• 05 

• 05 
•05 

05 

05 

•05 

•04 

•04 

04 

•04 

■03 

•02 

•01 

•Ol 
0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

— .03 

— .03 

— .03 



Ultimate strength. 
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Failed by horizontal deflection, suddenly springing when the maxi- 
mum load was reached, increasing the horizontal deflection to about 8". 
Load released to 10,000 pounds and maximum loads repeated, sudden 
springing occurring when the following loads were reached: 56,000, 
54,000, and 53,000 pounds. 

Between each loading, strains were released to 10,000 pounds. 

No. 500. 




#JA"** 



Sectional area, 28.2 square inches. 

Weight, 236 pounds. 

Counterweight at middle, 118 pounds. 

Initial bend before dressing down from 6 // x6 // stick: Horizontal, 

.".385 post winding, ".38. 



Loads ap- 
plied. 



Pounds. 
2,000 
4,000 
6,000 
8,000 
10,000 
12, 000 
14, 000 , 
16,000 
18,000 
20, 000 
22,000 
24,000 
26,000 
28, 000 
30, 000 
31,000 
32,000 
33,000 
34, 000 
35,000 
36,000 

37, 000 
38, 000 

38, 000 



Pounds per 
square inoh. 



Deflections. 


Horizontal. 


Vertical. 


Inch. 


Inch. 


— .50 


— .12 


— .45 


— .12 


— .45 


— .12 


— .45 


— .12 


— .48 


- .12 


— .50 


— .17 


— .62 


— .19 


- .56 


— .20 


— .59 


— .22 


— .62 


— .25 


— .68 


— .23 


— .74 


— .30 


— .80 


- .32 


— .90 


— .37 


-1.00 


— .40 


-1.05 


— .45 


—1.13 


— .50 


—1.20 


— .53 


—1.30 


— .56 


—1.40 


— .60 


—1.55 


— .66 


—1.70 


— .70 


—1.95 


— .79 


—2.18 


— .92 



Remarks. 



39,000 



1,383 



—2.70 



-1.07 



Figures below refer to this 
curved line : 



Shape of stick while under 
38,000 pounds compression. 
Ordinates measured each 2 
feet. 

0, ".28, ".65. 1".10, 1".55, 1".85, 
2".05, 2"06, 1".88, 1".57, 1".15, 
".70, ".32, ".15, ".18, 0. 

Ultimate strength. 



Failed by horizontal and downward deflection. Deflected suddenly 
when load reached its maximum, increasing to about 8" horizontal and 
vertical at middle. 

Posts of this length and diameter have changed from triple flexure 
when sudden springing occurred to single flexure, like a post with pin 
ends. 

No. 501. 




"so. c 



^ 



.2SX 



S30."*O 



Sectional area, 28.1 square inches. 
Weight, 256 pounds. 



J 

i 
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Counterweight at middle, 128 pounds. 

Initial bend to stick before dressed down from size 6"x6": Horizon 
tal, -".25; vertical, -".30. 



Deflections. 



Loads ap- 
plied. 



Pounds per 
square inch. 



Horizontal. 



Pounds. Ineh. 

2,000 — .27 

4, 000 ' — . 27 

6, 000 — . 26 

8, 000 ---. — . 27 

10, 000 — . 28 

12,000 —.29 

14, 000 — . 30 

16,000 —.31 

18, 000 — . 32 

20,000 —.35 

22, 000 — . 38 

24, 000 — . 38 

26, 000 — . 42 

28,000 —.47 

30,000 —.51 

32, 000 — . 56 

34, 000 — . 65 

36, 000 — . 75 

38,000 — .90 

40, 000 —1. 10 

42.000 —1.40 

43,000 —1.70 

44,000 ... —2.10 

44,400 1,580 



Vertical. 



Inctt. 

— .40 

— .22 

— .09 

— .04 

— .03 

— .01 
0. 

.01 
.02 
.04 
.05 
.06 
.07 
.08 
.10 
.11 
.12 
.15 
.16 
.20 
.26 
.32 
.42 



Remarks. 



Ultimate strength. 



Failed by deflection sideways and upward, springing suddenly soon 
after passing the maximum load, increasing the deflections to about 
— 8" horizontal, 2" vertical. 



No. 572. 



failure. 




Sectional area, 75.8 square inches. 

Weight, 124 pounds. 

Gauged length, 50". 

Not counterweighted. 

Average growth, 6 rings per inch. 



Loads ap- Pounds per 
plied. square inch. 



Pounds. 

7,580 

37,900 



75,800 
il3,766 

i5i,6oo' 

266,000 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

3,430 



Compression. 

Inch. 
0. 
.0210 

.0460 

."0716 

.0994 



Permanent 

set. 



Ineh. 



Remarks. 



.0004 
.0011 
.0029 
.0055 



Ultimate strength. 



Failed at a knot 2" diameter, 30" from end of post. 
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No. 573. 



failure. 





sats 



Sectional area, 75.8 square inches. 

Weight, 131 pounds. 

Gauged length, 50". 

Not counterweigh ted. 

Average rate of growth, 14 rings per inch. 






Loads up- 
plied. 



Pound*. 

7,58o 

37, 900 

75,800 
113,700 

i5i,«oo 

286,500 



Pounds per 
square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

3,780 



Compression. 

Inch. 
0. 
.0113 | 

.0270 


Permanent 
set. 

Inch. 


0. 


• .0005 


.0436 


.0009 


. 0505 




.0012 


i 









Remarks. 



Ultimate strength. 



Failed by crushing fibers at a knot 26" from end of post. 



No. 574. 



/<r>«/u/v. 






■&< 



90.JO 



Sectional area, 75.9 square inches. 

Weight, 161£ pounds. 

Gauged length, 50". 

Not counterweighted. 

Average rate of growth, 21 rings per inch. 



Loads ap- Pounds per ln~«.«».«««*«« Permanent 
plied. square inch. Compression. aftf 



Pounds. 
7,590 
37,950 



75,900 

100 

113,850 



100 

500 

100 

1,000 



Inch. 
0. 
.0110 



set. 



Inch. 



151, 800 
388," 666 



1,500 
100 

2,000 
100 



.0245 
.0390 
.0530 



0. 

\6603 
.0008 
.66i6 



< a. * 



•-. * 



Remarks. 



Ultimate strength. 



Fibers crushed about 8" from end, in the vicinity of knots. 



\ 
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No. 578. 



~HaSi 



Jt&re* crushed,. 




Sectional area, 75.3 square inches. 

Weight, 233£ pounds. 

Gauged length, 100". 

Not counterweighted. 

Average rate of growth, 23 rings per inch. 



Loads ap- ! Pounds per ' n«»„««. DD *«„ I Permanent 
«n^ y \ «n„»r« i««v Compression. __* 



plied 



Pounds. 

7,530 

37,650 



75,300 

"ii2,950 

"'isO.eOO 

304,000 



square inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

4,037 



Inch. 
0. 
.0230 



86t. 



Inch. 



.0530 
.0830 

.iiif 



.0007 

.ooii 
".oois" 

.0027 



Remarks. 



Ultimate strength. 



Failed at a knot 18" from end of post. 



No. 579. 






->* 



J2Q 



*»^ 



Sectional area, 75.9 square inches. 

Weight, 240 pounds. 

Gauged length, 100". 

Not counterweighted. 

Average growth, 19 rings per inch. 



f allure. 



—r 



36 



Loads ap-" ' Pounds per | Compre8gion . Permanent 
plied. square inch, i F ; ■*«•■ 



Pounds. 

7,500 

37,950 

"75,900 

ii3,850 

"i5i,866 

399,500 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

5,264 



Inch. 
0. 
.0160 



set. 



Inch. 



.0375 


.0005 

. 0008 1 


.0604 




.0010 


.0840 




.ooio 











Remarks. 



Ultimate strength. 



Crushed fibers 36" from end. Grain of the wood wavy at this place* 
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No. 580. 




Sectional area, 75.6 square inches. 

Weight, 240 pounds. 

Gauged length, 100". 

Not couuterweighted. 

Average rate ot growth, 28 rings per inch. 



Loads ap- Pounds per n«—w-— i A . Permanent 
plied. square inch. Compression. ^, 



set. 



Remarks. 



Pounds. 

7,660 

37,800 

" 75," 600 

ii3,400 

i5i,200* 

350,000 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

4,629 



Inch. 
0. 
.0175 



Inch. 



.0415 
.0663 
.0913 



0. 

"6." 
6." 
6." 



Ultimate strength. 



Crushed fibers at end of post and at knot 17" from end. 



No. 584. 



failure. 



CI 

•5 



^ 




160- 18 



-/ lA 



V- /jr." 



Sectional area, 74.6 square inches. 

Weight, 266 pounds. 

Gauged length, 100". 

Not couuterweighted. 

Average rate of growth, 18 rings per inch. 



; Loads ap- 
plied. 



Pounds. 

7,460 

37, 300 

"74,600 

iii,9oo" 

i49,200 
307,500" 



ssHtts io«p»-i-.i Pe ™r nt 



square inoh. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 

4,122 



i_ 



Inch. 
0. 
.0182 



.0465 
'.0758 

'."idw" 



Inch. 



.0010 
.6617" 



.0085 



Remarks. 



Ultimate strength. 



Failed at knots 15" and 29" from end. 
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No. 585. 




rdo./j 



Sectional area, 75.5 square inches. 

Gauged length, 100". 

Weight, 258 pounds. 

Not couuterweighted. 

Average rate of growth, 6 rings per inch. 



Loads ap- 
plied. 



Pounds. 

7,550 

37, 750 

*75,500" 

*ii3*250 

"wi.'ooo 

284,600 



Pounds per ! 
square inoh. . 


Compression. 


Permanent ' 
set. 


I 

i 

. 100 


Inch. 

0. 
.0287 


Inch, 


500 


i 


100 


0. 


1,000 


.0700 




100 


.0006 

.0025 " 

.0061" 


1,500 
100 


.ii35 


2,000 
100 


.1800 


3,782 






•*.-■* 


I 



Remarks. 



Ultimate strength. 



Fibers crushed at knots 45" from end and near the middle. 
Post deflecting downward. 

No. 586. 




160.29 



Sectional area, 75.5 square inches. 

Weight, 336 pounds. 

Gauged length, 100". 

Not counterweighted. 

Average rate of growth, 23 rings per inch. 



1 

Loads ap- 
plied. 


Pounds per ! 
square inoh. ' 

I 

100 

500 

100 
1,000 

100 
1,500 

100 
2,000 

100 
3,921 


1 

Compression. , 

Inch. 
0. 
.0220 


Permanent 
set 

Inch. 


Remarks. 


— 1 
1 

1 


Pounds. 
7.560 


Ultimate strength. 




37, 800 




0. 


1 


75,600 

1 


.0525 


| 


.0002 


1 


U3, 400 


.0835 




.0008 




! 151 260 


.1150 




.0015 


1 296,000 

1 









Fibers crushed at knot near middle of post. 
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No. 587. 



fK 






fvLJture. 



^ *•• 






2QO."ir 



v 



Sectional area, 75 square inches. 

Ganged length, 150". 

Weight, 318 pounds. 

Counterweight at middle, 158 pounds. 

Average rate of growth, 2£ rings per inch. 



i 



Loads ap- 
plied. 



Pound*. 

7,600 
37,500 



75,000 

'm,500 

156,666 

8o6, 666 

250,000 
74,500 



Pounds 

per square 

inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Compres- 'Permanent 



Deflections. 



sion. 



Inch. 



set. 



Inch. 



Remarks. 



Horizontal.! Vertical. 



3,660 



.0375 






0. 


.0900 






0. 


.1450 
.2015 


.0020 




.0055 



Inch. 


! 
Inch. 




0. 


0. 




0. 


.05 




0. 


°- 




0. 


.06 




0. 


0. 




0. 


.08 




0. 


0. 




0. 


.11 




0. 


.01 




0. 


.17 




.10 1 


.20 




.70 | 


.25 


Ultimate strength. 



Failed at a group of knots 50" from end, maximum deflection at this 
point. 

No. 588. 




£00.2* 



Sectional area, 75.3 square inches. 

Gauged length, 150". 

Weight, 381 pounds 

Counterweight at middle, 190 pounds. 

Average rate of growth, 12 rings per inch. 



J 
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Loads ap- 1 
plied. 


Pounds 

per square 

inch. 

100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 


Compres- 
sion. 

Inch. 
0. 
.0330 


Permanent 
set. 


Deflections. 


Remarks. 


Horizontal 


Vertical. 


Pounds. 

7,530 

37,650 


, Inch. 


Inch. 
0. 
0. 
a. 

0. 

0. 

0. 

0. 

0. 

0. 

.02 
.04 
.08 
.15 


Inch. 
0. 

— .02 
0. 

— .04 
0. 

1 — .07 

— .07 
0. 

— .09 

— .10 
| -.12 

— .17 


This post is free 
from knots; 




.0011 


straight grain. 




75,300 


. 0730 
. 1125 


.0020 




112, 050 




.0030 




150,600 


i . 1520 
1 


i 


.0040 


' 


200,000 
250,000 
300,000 
350,000 
382,000 






. . . : ! i 




i 




I::;;:::;:::!:::::::::::!:::::::::::: 




5,073 


1 


1 


I Ultimate strength 


1 


i 
i 









Failed by deflecting sideways. 



No. 589. 




200."26 



Sectional area, 68.8 square inches. 
Gauged length, 150". 
Weight, 339£ pounds. 
Counterweight at middle, 170 pounds. 
Average rate of growth, 21 rings per inch. 



Loads ap- 
plied. 

• 


Pounds 

per square 

incn. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 


Compres- 
sion. 

Ineh. 
0. 
.0365 


Permanent 
set. 


Deflections. 


Renfarks. 


Horizontal. 


Vertical. 


Pounds. 
6,880 
34,400 


Inch. 


Inch. 
0. 
0. 
0. 

.01 
0. 

.03 
0. 

.04 
0. 

.08 

- .15 

— .50 


Inch, 

0. 

0. 

0. 
.03 

0. 
.06 

0. 
' .10 

0. 

.20 
.24 
.23 


Season cracks in 
post running di- 
agonally. 




.0016 


68,800 


.0800 


.0025 


 


103, 200 


.1240 




.0035 


, 


137,600 


.1688 




.0050 




250,000 
300,000 
304,000 














4,419 






Ultimate strength. , 






i 



Failed by deflecting sideways. 



STo. 530. 



& 




A 






jt-ao.'&jr 



Sectional area, 75.6 square inches. 
Gauged length, 200". 

S. Ex. 1 22 



^ 



j 
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Weight, 461 pounds. 

Counterweight at middle, 225 pounds. 

Straight-grained, free from knots. 



Loads ap- 
plied. 



Pounds. 

7,560 

37,800 



75,600 

iii'ioo" 



151,200 
160,000 
170, 000 
180, 000 
189,000 
200,000 
210, 000 
220,000 
230, 000 
240, 000 
250,000 
260, 000 
270, 000 
280,000 
287, 000 



Pounds 

per square 

inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 



2,500 



Cotnpres- ' Permanent 
nion. ' set. 



Deflections. 



3,796 



Inch. 
0. 
.0422 



Inch. 



0. 



.0958 

'."iois" 



.0009 

".ooii* 



Horizontal. 



Inch. 

0. 
.01 

0. 
.04 

0. 
.09 

0. 

.14 
.15 
.17 
.19 
.20 
.22 
.25 
.28 
.32 
.35 
.41 
.49 
.65 
.95 

1.60 



Vertical. 



Inch. 

0. 
.01 

0. 
.03 

0. 
.05 

0. 

.07 
.08 
.10 
.10 
.10 
.11 
.12 
.12 
.13 
.14 
.15 
.16 
.19 
.24 
.24 



Remarks. 



Ultimate strength, i 



Failed by horizontal deflection. 

Strains continued, increasing the deflection to 3".05 at middle, 
nates now measured each 20" to show the curve of flexure. 



Ordi- 




No. 531. 




240."23 



'.'25JC 



\ 



Sectional area, 74.3 square inches. 
Gauged length, 200". 
Weight, 410 pounds. 
Counterweight at middle, 225 pounds. 

Post has 18 knots from % " to 2" diameter. Initial bend in stick before 
dressing down from size 8" x 10": Vertical, +".25. 
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Loads ap- 


Poands 

per square 

inch. 

100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 


Compres- 
sion. 


Permanent 
set. 

Inch. 


Deflections. 


Remarks. 


plied. 


Horizontal. 


Vertical. 


Pounds. 
7,430 


Inch. 
0. 
.0510 


Inch. 

0. 

0. 

0. 
.01 

0. 
.02 

0. 
.03 

0. 

.03 
.04 
.04 
.04 
.04 
.05 
.05 
.07 
.09 
.12 
.18 
.32 
.82 


Inch. 
0. 

— .03 
0. 

— .04 
0. 

— .06 
0. 

— .06 
0. 

— .06 

— .06- 

— .07 

— .07 

— .08 

— .09 

— .09 

— .10 

— .10 

— .12 

— .15 

— .20 

— .24 




37, 150 






.0005 


74, 300 


.1095 
"7i692"** 




.0010 


111, 450 




.0027 


148,600 


.2300 




.0038 


160, 000 




i 


170, 000 











1 


180, 000 








i 


190, 000 


* * 








200,000 








210, 000 








| 


220,000 








i 


230, 000 








Ultimate strength. 


240, 000 








250, 000 








260, 000 








270, 000 








275,000 


3,701 













Failed at some knots 70" from the end. Maximum deflection devel- 
oped at this point. 

No. 532. 






« 



:>i- 



240."2S 



Sectional area, 73.7 square inches. 

Gauged length, 200". 

Weight, 391 pounds. 

Counterweight at middle, 225 pounds. 

Post % " winding before dressing down from size 8" x 10". 

Cross-grained stick ; season cracks take diagonal direction. 



j Loads 


Pounds 

per 

sqaare 

inch. 


Compres- 
sion. 


Perma- 
nent set. 


Deflection. 


Remarks. 


i applied. 


Horizontal 


Vertical. 


i 

1 Pounds. 
7,370 


100 


Inch. 
0. 
.0515 


Inch. 


Inch. 
0. 

— .02 
0. 

— .06 
0. 

— .10 
0. 

— .19 

— .22 

— 26. 

— .32 

— .36 

— .48 

— .66 
—1.08 


Inch. 

0. 
.04 

0. 
.10 

0. 
.16 

0. 

.25- 
.29 
.31 
.35 
.40 
.43 
.48 
.54 


Ultimate strength. 


36.850 I 500 




' 


100 




0. 


I 73, 700 


1,000 


. iioo 




100 
1,500 

100 
2,000 




. 0005 


! 110. 550 


.1865 






.0010 


i 147 400 




160, 000 
170, 000 
180, 000 
190. 000 










i 




! 200, 000 




: 210, 000 
220, 000 


*2,985 * 













Failed by horizontal and vertical deflection. 
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No. 542. 




seefoo 



Sectional area, 75.1 square inches. 
Gauged length, 200". 
Weight, 501 pounds. 
Counterweight at middle, 250 pounds. 



Loads 
applied. 

Pounds. 

7,510 

37,550 


Pounds 

per 

square 

inch. 

100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 


Compres- 
sion. 

Inch. 
0. 
.0490 


Perma- 
nent set. 

Inch, 


Deflection. 

 


Remarks. 


Horizontal. 


Vertical 


Inch. 
0. 

— .01 
0. 

— .05 
0. 

— .09 
0. 

— .12 
0. 

— .15 

— .17 

— .20 

— .24 

— .30 

— .38 

— .61 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.02 

o. 

.03 
.•4 
.05 
.06 
.08 
.10 
.12 


1 






0. 




75,100 


.1088 


j 


.0010 


Y 


112,650 


.1710 




.0030 


' 


150,200 


.2332 




.0053 




160,000 
170,000 
180,000 
190,000 
200, 000 
210, 000 
220,000 
225, 000 







t 
 ■■• ••' • • * 


















i 




1 


i 




I 






Ultimate strength. 


2,996 


: 










i 



Failed rapidly by horizontal deflection when the maximum load'was 
reached. 

No. 543. 




'*£ 



zao.'bo 

Sectional area, 74.8 square inches. 
Gauged length, 200". 
Weight, 501 pounds. 
Counterweight at middle, 250 pounds. 



Loads ap- 
plied. 


Pounds 

per square 

inch. 

100 
500 
100 

1,000 
100 

1,500 
100 

2, 000 
100 


Compres- 
sion. 


Permanent 

set. 

Inch. 


Deflections. 


Remarks. 

| 
• 


Horizontal. Vertical. 


Pounds. 

7,480 

37, 400 


Inch. 
0. 
.0448 

.1040 


Inch. Inch. 

0. 0. 

. . 01 .02 

0. .01 
.06 , .04 

0. .01 
.10 .04 

0. .01 
.20 .04 
.01 .01 
.22 .05 
.26 .05 
.31 .06 
. 40 . 06 
.50 .07 
.74 .09 

1.60 .13 

2.10 .13 

i 


i 






— . 0005 




74, 800 

112, 200 

149, 600 

160, 000 
170, 000 
180, 000 
190, 000 
200, 000 
210, 000 
220, 000 
220, 500 




0. 


 


.1865 


i 


.0020 




.2290 


; 


.0050 






i 










































 






2, 948 


i 
i 




Ultimate strength. 


1 * 





Failed by horizontal deflection. 
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No. 544. 




280'.' 22 



"Sectional area, 75.1 square inches. 
Gauged length, 200". 
Weight, 560 pounds, 
dounterweight at middle, 280 pounds. 



Loads ap- 
plied. 



Pounds. 

7,510 

37,550 



75,100 
li2,"650" 
150,200" 

iib.'ooo* 

170,000 
180,000 
190,000 
200/000 
210,000 
220,000 
230,000 
240,000 
250,000 
260,000 
270,000 
280,000 
290,000 
298,000 



Pounds 

per square 

inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 
100 



Compres- 
sion. 


Permanent 
set. 


Inch. 
0. 


Inch. 


.0412 


............ 




0. 


.0900 




.0004 


.1400 




.0018 


.1904 






.0030 



Deflections. 



Remarks. 



Horizontal.' Vertical. 



3,968 



Tnch. 


Inch. 




6. 


0. 


0. 


— .05 


0. 


0. 


- .02 


— .08 


0. 


0. 


— .05 


— .11 


0. 


0. 


— .06 


- .16 


0. 


0. 


— .07 


- .16 


— .07 


— .18 


-.07 


— .19 


— .07 


— .20 


- .07 


— .20 


- .07 


— .21 


— .07 


— .22 


— .07 


- .23 


— .07 


— .24 


— .07 


- .25 


— .07 


— .26 


— .02 


— .27 


4- .02 


— .29 


— .16 


— .30 


Ultin 







- 



Failed by deflecting sideways. 



No. 527. 

."so J c 




320.30 



Sectional area, 70 square inches. 
Weight, 531 pounds. 
Gauged length, 300". 
Counterweight at middle, 300 pounds. 

Initial deflection before stick was dressed down from 8" x 10" 
fcical, — ".50. 



Yer- 



Loads ap- 
plied. 



Pounds. 

7,000 

35,000 



ni^nra Compos- [Permanent 
per square, 8l(m> | Ret> 



Deflections. 



70,000 
165,600" 



140,000 
210,000 



inch. 



100 
500 
100 

1,000 
100 

1,500 
100 

2,000 

3,000 



Remarks. 



Horizontal. Vertical. 



Inch. 
0. 
.0625 

"\'i428" 



Inch. 



.2218 



0. 



.0008 
."66i2" 



Inch. 


Inch. 


0. 


0. 


- .02 


- .02 


0. 


0. 


- .07 


- .10 


0. 


0. 


- .10 


- .16 


0. 


0. 


- .11 


- .23 


- .99 


- .50 



Ultimate strength. 
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No. 528. 









2&V.29 



Sectional area, 70.4 square inches. 
Weight, 627 pounds. 
Counterweight at middle, 300 pounds. 
Gauged length, 300". 



Loads ap- 
plied. 



i Pound*. 
I 7,140 
I 35,700 



71,400 

io7,"ioo" 



142,800 
178,500 
205,000 



Pounds 

per square 

inch. 



101 

507 

101 

1,014 

101 

1,521 

101 

2,028 

2,535 

2,912 



Compres- 
sion. 



Inch. 
0. 
.0593 



Permanent 
set. 



Inch. 



.1360 
".*2170" 



0. 



.0015 
'."0030" 



Deflections. 
Horizontal. Vertical. 


Inch. 
0. 

- .05 
0. 

- .10 


Inch. 
0. 

- .03 
0. 

- .09 



Remarks. 



0. 

- .18 
0. 

- .30 

- .60 
-2.55 



0. 

- .14 
0. 

- .18 

- .25 

- .40 



Ultimate strength. 



No. 529. 



j. -?.*.?• 



>£e^ 




m 



■MO. 't'<J 



Sectional area, 66.7 square inches. 
Weight, 535 pounds. 
Counterweight at middle, 300 pounds. 
Gauged length, 300". 

Initial deflection before stick was dressed down from size 8" x 10": 
Vertical, + 1"25. 



Loads /p- | ^S^ ' Compres- ! Permanent 
P hed - i V inch. 



Deflections. 



sion. 



Pounds. 



Inch. 



set. 



Inch. 



Horizontal. 



Vertical. 



6,670 
33,350 


100 0. 
500 - Oflfio 


i 


100 

1,000 

100 




0. 
0. 


66,700 


.1588 


100,050 


1,500 
100 


.2519 



.0020 


133,400 
140, 000 


2,000 









150,000 




i 


160,000 







166, 750 


2,500 






180,000 








184,500 


2,766 















Remarks. 



Inch. 


Inch. 




0. 


0. 


.01 


0. 




0. 


0. 




.03 


- .09 




0. 


0. 




.07 


- .20 




0. 


0. 




.08 


- .38 




.08 


- .45 




.10 


- .53 




.11 


- .70 > 




.15 


- .80 




.38 


-1.15 




Ab't 2. 20 


Ab't -1. 50 


Ultimate strength. 



Failed by deflecting sideways and downward. 
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Xo. 711. 




180!'0$ 



Sectional area, 87.4 square inches. 

Gauged length, 150". 

Weight, 375 pounds. 

Average rate of growth, 12 rings per inoh. 



Loads ap- Pounds per 
plied. square inch. 



Compres- 
sion. 



Pound*. 
0. 
43,700 

* ~8o76o6" 

100, 000 
140, 000 
180, 000 
200, 000 
220, 000 
230, 000 
240, 000 
250, 000 
260,000 
270,000 
280,000 
290,000 
300, 000 
310, 000 
320, 000 
330,000 
340, 000 
349, 000 





500 





3,993 



Inch. 
0. 
.0491 



Perma- 
nent set. 



Inch, 



.0004 



Deflections. 



Horizon- 
tal. 



Inch. 
0. 
.03 



.03 
.03 
.03 
.03 
.03 
.01 
.01 

0. 

0. 

0. 

0. 

- .01 

- .01 

- .02 

- .05 

- .07 

- .11 

- .20 

- .52 



Verti- 
cal, W. 



Inch. 
0. 
.01 



.02 
.06 
.09 
.10 
.12 
.13 
.14 
.14 
.14 
.15 
.15 
.15 
.16 
.16 
.17 
.19 
.20 
.20 
.20 



Verti- 
cal, E- 



Inch. 

0. 
- .06 



- .10 



- .12 



- .15 



Remarks. 



Ultimate strength. 



Failed by horizontal deflection, minus direction. 



Xo. 712. 




> 



180. 06 



Sectional area, 87.7 square inches. 

Gauged length, 150". 

Weight, 397 pounds. 

Average rate of growth, 21 rings per iuch. 

Stick injured by wind-shakes. 
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1 

Loads ap- 
plied. J 


Pounds per 
square inch. 

' 



500 




Compres- 
sion. 

Inch. 
0. 
.0370 


Perma- 
nent set. 

Inch. 


Deflections 

! 
Horizon- Verti- 

tal. c*l,W. 


Verti- 
cal, S. 


r 

i 
Remarks. 


i 
Pounds. 



Inch. Inch. 
0. 0. 
0. j .06 

t 


Inch. 


i 


43,850 






0. 





' 


80,000 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 




6. .08 

- .01 .10 

- .01 i .10 

- .02 ; .11 

- .04 .11 

- . 05 , .12 

- .05 .12 

- . 06 .12 

- .10 .13 

- .11 i .14 

- .17 .14 

- .24 .15 

- . 33 .15 
...1 




. 






— .05 

. WW 




























— .05 




1 


i i 












260,000 
280,000 








' 

, i 








» l 


300,000 
810,000 








- .07 i ' 








. V. | 


820,000 








' 1 


830,000 
339,000 








.... 


i 


8,865 






Ultimate strength, i 













Failed by horizontal deflection, minus direction. 



No. 713. 




^ 



/So. 



Sectional area* 87.6 square inches. 

Ganged length, 150". 

Weight, 382 pounds. 

Average rate of growth, 15 rings per inch. 



Loads ap- [Pounds per 
plied. 'square inch. 



Pounds. 

43, 800 

"""so," coo" 

100, 000 
140, 000 
180,000 
200,000 
220,000 
240,000 
250,000 
260, 000 
270, 000 
272, 500 





500 





Compres- 
sion. 



Inch. 
0. 
. 0524 



Deflections. 



Perma- 
nent set. 



Inch. 



0006 



Horizon- 
tal. 



Inch. 

0. 
- .13 



! i 






i 

...... i 






1 






i 











I 














3,111 











* * i 



-1 



.15 
.17 
.21 
.28 
.31 
.37 
.43 
.50 
.81 
.98 
17 



Verti- 
cal, W. 



Inch. 
0. 
.01 



- .01 

- .02 

- .02 

- .02 

- .02 

- .02 

- .02 

- .02 

- .04 

- .08 



Verti- 
cal,E. 



Inch. 
0. 



Remarks. 



0. 



.05 



Ultimate strength. 



Failed by horizontal deflection, minus direction. 
Fibers crushed at a knot at middle of post. 
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No. 484. 




180" 25 



Sectional area, end, 109.4 square inches. 
Sectional area, middle, 111.3 square inches. 
Gauged length, 160". 
Weight, 432 pounds. 



Loads ap- 
plied. 



Pounds. 

10, 000 

50, 000 

10,000 

100, 000 

10,000 

150,000 

10,000 

180,000 

200, 000 

10,000 

220,000 

240,000 

260,000 

270, 000 



Pounds per 
square inch. 



Compres- 
sion. 



Inch. 
0. 
.0380 




.1080 



.1685 




.2605 
.2910 
.3270 



2,468 



Deflections. 



Horizontal. 



Remarks. 



Vertical. 



.0005 
.0015" 



Inch. 
0. 
0. 
0. 
0. 
0. 



Inch. 

0. 

0. 

0. 
- .02 

0. 



.0018 
.6046" 



4- .02 


- .05 


0. 


0. 


.02 


- .05 


.02 


- .05 


0. 


0. 


.02 


- .07 


0. 


- .10 


- .08 


- .15 



Slight snapping 
sounds. 



Ultimate strength. 



Sustained maximum load about one minute. 

Failed by horizontal deflection. Concave side having large knot 
near the middle of the post, the heart being 2" from concave side at 
one end; opposite end does not have heart in it. 

The location of the heart was probably 2" beyond edge of stick. 
Post was sawed obliquely with axis of tree running out 4" in 15 feet; 
150 rings of yearly growth in 10". 

Bapid growth during the first years; 6 rings in 1" at center. 

Time of test, one hour. 



No. 708. 




T/90 



Sectional area, 102.5 square inches. 

Gauged length, 150". 

Weight, 464 pounds. 

Average rate of growth, 17 rings per inch. 
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Loads ap- Pounds per Compres- Perma- 
plied. square inch. siou. nent set. 



Pounds. 

51,250 

80,666 
100,000 
140,000 
180,000 
200,000 
240,000 
260,000 
280, 000 
300,000 
32*), 000 
340,000 





500 





Inch. 
0. 
.0440 



Inch. 



.0005 



Deflections. 



Horizon- ' Verti- Verti- 
tal. eal,W. . cal,E. 



Remarks. 



, 1 » 




1 1 1 


|::::::::::::'::::::.::J:::::::::: 


1 ! | 


! 1 ! 

3.317 1 1 


I ' ! 



Inch. 


Inch. 


Inch. 


0. 


0. 


0. 


— .02 


0. 




- .02 


0. 





- .02 


0. 




- .06 


.01 




- .08 


.01 




- .10 


.02 


— .04 


- .13 


.02 





- .16 


.02 




- .20 


.02 




- .26 


.02 





- .38 


.02 




- .60 


.08 





Failed at some knots at middle of post. 



No. 709. 




jso: 



Sectional area, 103.2 square inches. 

Gauged length, 150". 

Weight, 557 pounds. 

Average rate of growth, 18 rings per inch. 



Loads ap- 
plied. 



Pounds. 

51,600 

"80," 666" 
100, 000 
140,000 
180, 000 
200,000 
240,000 
280, 000 
300,000 
320,000 
330, 000 
340,000 
350,000 
360,000 
370, 000 
380,000 
390, 009 
400, 000 
410,000 
420,000 
. 430, 000 
440,000 
450, 000 
455,000 



Ponnd » 'Compres. 



Compres- 
sion set. 





500 





Deflections. 



Inch. 
0. 


Inch. 


.0570 






.0008 







i 




. 






4, 409  


• » ' • • 



Horizon- 
tal. 



Inch. 

0. 
- .05 



Remarks. 



Verti- Verti- 
cal, W. ' cal, E. 



Inch. Inch. 

0. 0. 

— .09 —.05 



.05 


— .09 


.05 


— .09 


.04 


— .09 


.03 


— .09 


.02 


— .09 


0. 


— .09 


.01 


— .09 


.02 


— .09 


.05 


— .09 


.05 


— .00 


.06 


— .09 


.07 


— .09 


.07 


— .09 


.08 


— .09 


.09 


— .09 


.11 


— .10 


.13 


— .10 


.15 


— .10 


 .18 


— .10 


 .21 


— .10 


.27 


— .10 


 .40 


— .10 


.62 


— .10 



— .10 



— .13 



— .10 ! Ultimate strength. 
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Failed by horizontal deflection, minus direction. 
Horizontal deflection increased to — 3".30; fibers of stick crashed at 
1" to 6£" from end. Grain straight. 

No. 710. 




ir9."9a 



Sectional area, 103.2 square inches. 

Gauged length, 150". 

Weight, 491 pounds. 

Average rate of growth, 18 rings per inch. 



Loads ap- 
plied. 



Pounds. 

51,600 



Pounds 

per square 

inch. 



Compres- 
sion. 



80,000 
100,000 
140,000 
180, 000 
200, 000 
240, 000 
280,000 
300, 000 
340,000 
360, 000 
380, 000 
400,000 
420,000 
430,000 
432, 000 





500 





Inch. 
0. 
.312 



Perma- 1 
nent set* 



Inch. 



4,186 



0. 



Deflections. 



Horizon- 


Verti- 


Verti- 


tal. 


cal, "W. 


cal £. 


Inch. 


Inch. 


Inch. 


0. , 


0. 


0. 


— .06 


.02 




— .06 


.02 




— .06 


.02 




— .06 


.03 




— .06 


.05 


• * » • • * 


— .06 


.06 


0. 


— .06 


.07 




— .07 


.08 




— .08 


.08 


— .02 


— .09 


.00 




— .10 


.09 




— .11 


.09 




— .16 


.10 


— .oe 


— .26 


.10 




— .37 


.11 




— .50* 










Remarks. 



Ultimate strength. 



♦About. 



Failed by horizontal deflection, minus direction. 

Horizontal deflection increased to 3".20, slightly crushing fibers 29" 
from south end, where stick appeared weakened by shakes and seam 
cracks. 

^o. 641. 




N 



180JUf 



Sectional area, 134 square inches. 

Weight, 561 pounds. 

Gauged length, 150". 

Average rate of growth, 5 rings per inch. 



348 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Loads -ap- 
plied. 



Founds 

per square 

inch. 



Compres- 
sion. 



Permanent 
set. 



Deflections. 



Horizontal ' Vertical. 



Remarks. 



Pounds. 

13,400 

67,000 

107, 200 

134,000 



100 
50o 
800 
1,000 
100 



Inch. 
0. 

.0380 
.0663 
.0851 



Inch. 



0. 



150,000 
160,000 
170,006 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
300,000 
320,000 
340,000 
360,000 
380,000 
406,000 
410,000 
420,000 
425,000 
428,000 



3,194 



Ineh. 

o. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.01 
.01 
.02 
.04 
.06 
.10 
.13 
.18 



Ineh. 

0. 

0. 
.01 
.01 

0. 

.03 
.04 
.05 
.05 
.05 
.05 
.05 
.05 
.06 
.08 
.08 
.09 
.09 
.09 
.09 
.09 
.67 
.05 
.02 



Ultimate strength. 



Failed by crashing fibers at middle and 40" from end in the vicinity 
of knots. 

% Xo. 671. 




jso/br 



Sectional area, 133 square inches. 

Gauged length, 150". 

Weight, 585 pounds. 

Average rate of growth, 12 rings per inch. 



1 
1 

Loads 
applied. 


Pounds 


Com* 
pression. 

Ineh. 
0. 
.0612 


Perma- 
nent set. 

Ineh. 


Deflections 


a 


per square 
inch. 


Hori- 
zontal. 

Ineh. 

0. 
- .01 


Verti- 
oal,W. 


Verti- 
cal, E. 


i 

Pounds. | 




Ineh, 
0. 


Inch. 

0. 


66,800 MA 




0. 0. 







.0006 






80,000 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
300,000 






- .01 

- .02 

- .02 

- .03 

- .04 

- .05 

- .05 

- .06 

- .07 

- .07 

- .08 

- .09 

- .11 

- .16 

- .20 

- .40 

- .88 


0. 


A. 








.01 . 01 








.01 








.02 
.03 
.03 
.04 
.05 
.05 
.05 
.06 










.01 








































.01 


320,000 
340,000 
















.06 


360,000 






.06 ; 


380,000 


! 




.07 i 


400,000 


I 




.08 I 01 


420,000 


' 




.08 1 


425, 000 


3,181 






.08 



Remarks. 



Ultimate strength. 
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Failed by horizontal deflection, minus direction. 

When horizontal deflection had reached abont — 1".35, a chalk-line 
was laid off on stick and ordinates measured every 12", showing the curve 
of flexure as per the following sketch : 



•S 



*§ *? *^ *<? * 




No. 672. 




iva.'ba 



Sectional area, 132.8 square inches. 

Gauged length, 150". 

Weight, 578 pounds. 

Average rate of growth, 13 rings per inch. 



Loads 
applied. 



Pounds. 


66,400 


80, 000 
100, 000 
140, 000 
180,000 
200,000 
240,000 
260, 000 
280,000 
300,000 
320, 000 
340, 000 
360,000 
380, 000 
400,000 
410, 000 
420,000 
430, 000 
440,000 
450,000 
460, 000 
470, 000 
480,000 
490, 000 
500, 000 
510, 000 
520, 000 
526, 000 



Pounds 

per square 

inch. 





500 





Com- 
pression. 



Inch. 
0. 
.0535 



3,961 



Perma- 
nent set. 



Inch. 



0. 



Deflections. 



Hori- 
zontal. 



Inch. 
0. 

- .01 



- .01 

- .01 

- .01 

- .01 

- .01 

- .01 

- .01 

- .02 

- .03 

- .03 

- .03 

- .03. 

- .03 

- .04 

- .05 

- .05 

- .05 

- .05 

- .05 

- .05 

- .05 

- .05 

- .04 

- .03 

- .01 
+ .01 

.25 



Verti- 
cal, W. 



Inch. 
0. 
0. 



0. 
0. 
0. 
0. 
0. 
0. 
0. 

a. 

0. 
0. 
0. 
0. 
0. 

 .01 

• .01 

- .02 

- .02 

• .03 

- .03 

- .03 

- .05 

- .06 

- .07 

- .09 

- .11 

• .15 

 .20 



Verti- 
cal, B. 



Inch. 
0. 



- .02 



- .04 



Remarks. 



- .07 



- .17 



Ultimate strength. 



Failed by horizontal deflection, plus direction. 
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No. 485. 




190.27 



Sectional area, 107.7 square inches. 

Weight, 434 pounds. 

This stick taken from built post No. 691, which was tested March 11, 
1881. It failed at the knot near middle in the original test, under 3,070 
pounds per square inch compression. 

The test was discontinued soon as the maximum load was passed, and 
the stick placed in the storehouse to season. Allowed to season thirteen 
months and then tested. 



Loads 
applied. 



Pounds. 
10,000 
50,000 
100,000 
120, 000 
120, 000 
130, 000 
130, 000 
140, 000 
140. 000 
150, 000 
150, 000 
160,000 
160,000 
165, 000 
170, 000 
175, 000 



Pounds 

per square 

incn. 

i 


Compres- 
sion. 

Inch, 


Permanent 
set. j 

..J 
Inch. 


























. ....i . 




i 




I 




i 




1 




i 
















1 




i,625 















Deflections. 



Horizontal 


Vertical. 


Inch. 


Inch. 


0. 


0. 


.05 


.02 


.40 


0. 


.62 


0. 


.70 


0. 


.80 


0. 


.90 


0. 


.92 


0. 


LOO 


0. 


1.10 


0. 


1.23 


0. 


1.35 


0. 


1.50 


0. 


1.56 


0. 


1.70 


0. 


1.90 









Remarks. 



' Sustained load 5 

! minutes. 

: Sustained load 5 

minutes. 
! Sustained load 3 

minutes. 
J Sustained load 5 

minutes. 
, Sustained load 5 . 
t minutes. 

i 

i Ultimate strength. 



Sustained maximum load momentarily. 

Failed by horizontal deflection; concave on the side having the knot. 
Fibers crushed at middle knot and opened longitudinal crack. 
Time of test three-quarters of an hour. 

No. 486. 




180."&* 



Sectional area, 145.2 square inches. 
Gauged length, 160". 
Weight, 705 pounds. 

Second test of post No. 714. Ultimate strength found by the first 
test, 456,000 pounds=3,180 pounds per square inch. 
Bested in storehouse thirteen months, and again tested. 
Grain of specimen oblique to axis. 
Post free from knots. 
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Loads ap- 
plied. 



Pound*. 

10,000 

50,000 

10, 000 

100, 000 

10, 000 

200, 000 

10, 000 

220, 000 

240, 000 

260, 000 

280, 000 

300, 000 

300, 000 

320, 000 

340, 000 

340, 000 

360, 000 

380, 000 



Pounds 

per square 

inch. 



Compres- 
sion. 



Inch. 
0. 
.0265 

".064o" 



Permanent 
set. 



Inch. 



Deflections. 



Horizontal.' Vertical. 



Remarks. 



.0010 





. 1520 






.0080 








1 




























1 








1 

1 





2,617 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 



A 



Inch. 

0. 
+ .02 

0. 
.10 

0. 
.25 

0. 

.30 
.30 
.35 
.40 
.46 
.50 
.55 
.65 
.70 
.75 
.85 



Snapping sounds 
heard. 



Sustained load 5 
minutes. 

Sustained load 3 

minutes. 
Ultimate strength. 



Sustained maximum load momentarily, then opened cracks rapidly 
as the pressure was gradually allowed to fall. 

The longitudinal cracks were oblique with axis of post at an angle of 
about 5°. 

The development of the cracks began at 200,000 pounds. 

No. 487. 




180.2 5 



Sectional area, 106.9 square inches. 
Gauged length, 160". 
Weight, 450 pounds. 
Initial bend, ".44 ; 1 sine. 
Post free from knots. 

This post was tested March 11, 1881, at that time sustaining 317,000 
pounds = 2,795 pounds per square inch. 

Second test made after rest of thirteen months nine days. 



Loads ap- 
plied. 



Pounds. 

10, 000 

50, 000 

10, 000 

100, 000 

10, 000 

150, 000 

10, 000 

200, 000 

10, 000 

220, 000 

240, 000 

240, 000 

260, 000 

270, 000 

280, 000 

290, 000 

300, 000 

H05. 000 

305, 0U0 

310, 000 



Pounds 

per square 

incn. 



Compres- 
sion. 



Permanent 
set. 



Inch. 
0. 
.0282 



Inch. 





.0690 








.1120 








.1600 








0. 



.0015 
.6646" 



Deflections. 



Horizontal. 



Vertical. 



Inch. 


Inch. 


0. 


0. 


0. 


0. 


0. 


0. 


- .10 


0. 


0. 


0. 


- .20 


0. 


- .04 


0. 


- .30 


.05 


- .07 


0. 


- .40 


.10 


- .48 


.15 


- .50 


.15 


- .60 


.15 


- .65 


.15 


- .72 


.20 


- .80 


.20 


- .90 


.20 


-1.05 


.20 


-1.25 


.25 



Remarks. 



Sustained load 5 
minutes* 



2,900 



Sustained load 5 

minutes. 
Ultimate strength. - 



352 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

Sustained maximum load about five minutes, yielding laterally in the 
mean time, following the direction of the initialbend; convex on heart- 
side of post. 

Time of test three-quarters of an hour. 

COMPRESSION TESTS OP YELLOW PINE— (Continued). 

Single Sticks and Built Posts. 



No. 673. 




.swots - 

—* — *r 



—? ^ 



180.03 



Sectional area, 46.4 square inches. 

Gauged length, 150". 

Weight, 260 pounds. 

Average rate of growth, 11 rings per inch. 



Loads ap« 
plied. 



Pounds. 


23,200 



30,000 

40,000 

50,000 

60,000 

70, (KM) 

80,000 

90,000 

100,000 

110, 000 

120,000 

130, 000 

140, 006 

142, 200 

120,000 



Pounds 

per square 

inch. 





500 





Compres- 
sion. 



Inch. 
0. 
.0370 



Compres- 
sion set. 



Deflections. 



Horizon- 
tal. 



Inch. 



.0028 



Inch. 

0. 
- .01 



3,065 



2,586 



- .01 

- .01 

- .01 

- .01 

- .01 

- .01 

- .03 

- .05 

- .09 

- .13 

- .22 

- .50 

- .95 



Verti- 
cal, W. 



Verti- 
cals. 



Inch. ' Inch. 



0. 
0. 



0. 



0. 



Remarks. 



North end of stick 
very resinous. 



.01 
.02 
.03 
.06 
.07 
.09 
.10 
.11 
.12 
.13 
.13 



- .04 



- .08 



Failed by horizontal deflection, minus direction. 



-2.50 



Ultimate strength. 

Sadden deflection in- 
creasing — 5". 



Specimen No. 673a, 20" long, cut from north end of stick. 
Specimen No. 6736, 20" long, cut from south end of stick. 



i 

i 
i 



Specimen. 



673a 
6739 



Weight. 



Size. 



Pounds. 
13 



Inches. 
4.01x4.01 
3. 95 x 3. 97 



Sectional 
area. 



Sq. inches. 
16.06 
15.68 



Ultimate strength. 



i Pounds 
Actual. ; per square 
1 inch. 



Remarks. 



i Pounds. 
94, 000 
1 99, 600 



5,846 
6, 352 



Fibers crushed. 

Fibers crushed; , 
small rent in ' 
specimen at j, 
corner not af- . 
fecting over 5 ' 
per cent, of sec- 
tional area of 
stick. 
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No. 674. 




180. 



Sectional area, 52.3 square inches. 

Gauged length, 150". 

Weight, 233 pounds. 

Average rate of growth, 17 rings per inch. 



i 
1 

1 

i Loads ap- 
plied. 

i 

Pounds. 

26, 150 


Pounds 

per square 

inch. 


Compres- 
sion. 


• 

Compres- 
sion set. 


Deflections. 


Remarks. 


Horizon- 
tal. 


Verti- 
cal,"W. 


Verti- 
cal,E. 




500 




Inch. 
0. 
.0492 


Inch. 
0. 


Inch. 

0. 
- .07 


Inch. 

0. 
- .03 


Inch. 

0. 
- .04 


Ultimate strength. 

Sudden spring, in- 
creasing horizontal 
deflection to — 5". 


.0003 


30,000 
40,000 
50, 000 
60,000 
70, 000 
80, 000 




- .09 

- .10 

- .11 

- .14 

- .17 

- .20 

- .25 

- .32 

- .41 

- .58 
-1.00 
-1.30 

aflection, n 
-3.30 


- .03 

- .03 

- .03 

- .04 

- .05 

- .00 

- .07 

- .08 

- .09 

- .09 

- .10 

- .12 


- .08 
































90, 000 








100, 000 
110, 000 
120, 000 
130, 000 
131, 500 

110, 000 


(---••• 
























2,hih 

F 






ailed by he 


>rizontal d< 


uinurt direction. 













No. 675. 




Sectional area, 50.3 square inches. 

Oauged length, 150". 

Weight, 194 pounds. 

Average rate of growth, 22 rings per inch. 



S. Ex. 1- 



-23 
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Loads ap- 
plied. 



Pounds. 

25,150 



80,000 

40,000 

60,000 

60,000 

70,000 

80,000 

90,000 

100,000 

110,000 

120,000 

121,200 



Pounds 
per square 
inch. 





500 





Compres- 
sion. 



Inch. 
0. 
.0490 



Compres- 
sion set. 



Inch. 



Deflections. 



.0006 



Horizon- 
tal. 



Inch. 
0. 
.01 



2,410 



.02 
.02 
.03 
.04 
.06 
.07 
.10 
.15 
.24 
.65 
.90 



Verti- ' Verti- 
cal, W. cal, E. 



Inch. 


Inch. 


0. 


0. 


0. 




0, 




0. 




0. 


.01 


-.01 




- .02 




- .02 




- .03 




- .03 


.05 


- .04 




- .05 




- .05 





Remarks. 



/ 



Ultimate strength. 



Failed by horizontal deflection, minus direction. 

Sketch showing of flexure, ordinate* measured erery 12". 
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i 

i 
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£ 


J§ 
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N N N *J 

No. 490. 




N 




5 




A 




b 


















\ 
























i 
1 


**u 


1* 






zao'i 















Sectional area, 61.1 square inches. 
Weight, 269 pounds. 
Gauged length, 160". 
Post free from knots. 



Loads ap- 
plied. 



Pound*. 

10,000 

20,000 

40,000 

50,000 

10,000 

60,000 

80,000 

100,000 

10,000 

120,100 

140, 000 

150, 000 . 

10, 000 

10, 000 
10, 000 
160,000 
180, 000 
200, 000 
10, U00 
230, 000 
230, 000 

230, 000 
10, 000 



Pounds 

per square 

inch. 



Deflections. 



Compres- I Compres- 
sion. ! sion set. 



3,764 



Inch. 
0. 

.0140 
.0416 
.0670 



Inch. 
0. 



.0010 



.0708 
.0996 
.1318 



.0035 



.1615 
.1900 
.2070 



.2220 
.2524 
.2873 



.0060 

.0050 
.0040 









Remarks. 


Horizontal. 


Vertical, 
W. 

Inch. 




Inch. 




0. 


0. 




0. 


0. 




— .01 


0. 




— .02 


0. 




0. 


0. 




— .02 


0. 




— .02 


0. 




— .03 


0. 




0. 


0. 




i — .04 


0. 




, — .04 


0. 


Snapping sound 


— .05 


0. 


heard; sliver 
starting off at 
edge. 










Rested 2 minutes. 






Rested 5 minutes. 


— .05 


0. 


i 


— .05 

ML 


0. 
11 





.0098 



0. 
+ -01 
+1.30 

+1.80 

-(- .40 



0. 
0. 

0. 

0. 
0. 



Ultimate strength. 

After sustaining 
load 4 minutes. 

Maximum deflec- 
tion. 



I 
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Time of test, one" hour. 

Failed by horizontal deflection. 
• Deflections changed in direction horizontally when the maximum load 
was reached. 

Failing finally by beuding concave on the heart-side of the post. 



No. 670. 



fibres crushed. 




-ZtL 



9 

r 



ISO. 



Sectional area, 66.3 square inches. 

Gauged length, 150". 

Weight, 309 pounds. . 

Average rate of growth, 12 rings per inch. 



Loads ap- 
plied. 



Pound*. 



33,150 



50, 000 

70,000 

90,000 

100,000 

120,000 

140, 000 

150,000 

160,000 

170,000 

180, 000 

190, 000 

200,000 

205, 900 



Pounds 

per square 

inch. 





500 




3,106 



Compres- 
sion. 



Inch. 
0. 
.0455 



Compres- 
sion set. 



Deflections. 



Inch. 



.0005 







i 


Horizon- 


Verti- 


Verti- 


tal. 


cal, W. 


cal, E. 


Inch. 


Inch. 


Inch. 


0. 


0. 


0. 


0. 


— .04 




— .01 


— .06 




— .02 


— .09 




— .02 


— .11 




— .02 


— .11 


.10 


0. 


— .15 




.02 


— .18 




.04 


— .20 


.15 


.07 


— .20 




.10 


- .21 




.13 


— .23 




.18 


— .25 




.31 


— .28 


.23 


.70 


— .29 





Remarks. 



Ultimate strength. 



Failed by horizontal deflection, plus direction. 
Fibers crushed near middle of stick, line of failure taking an oblique 
course. 

tfo. 489. 



* 

* 



^ 




^ 



180.0B 



Sectional area, 70.5 square inches. 
Weight, 287 pounds. 
Gauged length, 160". 
Post free from knots. 



356 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 



Loads ap- 
plied. 



Pounds 
square per 
inch. 



Compres- 
sion. 



Compres- 
sion set. 



Deflections . 



Horizontal. 



Vertical, 
W. 



Remarks. 



Pound*. 

10,000 

20,000 

40,000 

50,000 

10,000 

60,000 

80,000 

100,000 

10,000 

120,000 

140,000 

150, 000 

10,000 

160,000 

160,000 

160, 000 

170, 000 

180, 000 

180,000 

190,000 

200,000 

10,000 

10,000 

210, 000 

220,000 

230,000 

240,000 

250,000 

250, 000 



Inch. 
0. 

.0114 
.0368 
.0405 



Inch. 
0. 



0. 



.0630 
.0895 
.1162 



.1435 
.1710 
.1850 



.0004 



.0025 



.1980 
.2008 
.2020 
.2160 
.2295 
.2310 



1 


.2450 
.2685 ' 




1 




• 


.0082 




i 


.0060 




1 






i 







3,546 



Inch. 


! Inch. 


1 


0. 


0. 




0. 


0. 




— .01 


0. 




— .02 


0. 




0. 


0. 




— .02 


0. 




— .04 


0. 




— .04 


0. 




0. 


0. 




— .08 


0. 




— .10 


0. 




— .10 


0. 




0. 


0. 




— .12 


! o. 


[minutes. 


— .12 


1 0. 


i Sustained load 5 


— .12 


0. 


! Sustained load 10 


— .15 


1 ' o- 


minutes. 


— .18 


0. 




— .20 


1 °- 


. 


— .20 


°- 




— .21 


! o. 


i 


— .01 


0. 




— .01 


1 °- 


i After 5 minutes 


— .27 


o. 


rest. 


— .31 


1 0. 




— .38 


0. 




— .50 


0. 




— .73 


0. 


Ultimate strength. 
Sustained load 5 


—1.26 








minutes. 



Failed by horizontal deflection; convex on heart-side of post. After 
sustaining load live minutes, horizontal deflection increased rapidly, 
opening longitudinal cracks along middle of post near the heart of the 
wood. 

Time of test one and a half hours. 



No. 654. 



Oah tloch. 



1"X4" & 




r 

2"\'4" 



l"X4f 



rBBSBB 




A"ivas7ie*\ 

(B) 9k"6oBg. 



O 






jaor 



Preliminary test of the single sticks. 



Stick. 



A 

B 



Weight. 



Rings per Total 
inch. length. 



Pounds. ' 
326 
290 i 



11 
6 



Inches. 
180 
! 180 



616 



Width. 



Inches. 
5.63 
ft. 62 



Depth. 



Inches. 

. 11.71 

11.71 



Sectional 
area. 



Sq. inches. 
65.9 
65.9 



Gauged . 
length. ' 



Inches. 
150 
150 



131.8 



Stick. 



A 
B 



Loads applied. 



Actual. 



Pounds 
32, 950 
32, 950 



Pounds 

per 
Rg.. inch. 



Compres- 
sion. 



500 
500 



Inch. 
' .0418 
; . 0540 



Compression 
set. 



Inch . 
.0002 



Horizontal 
deflection. 



Inch. 
.03 



0. 



Permanent 

horizontal 

deflection. 



Inch . 
0. 

0. 
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Test of the built post. 







Deflections. 






Loads ap- 
plied. 




— - 




Remarks. 




Horizontal. 


Vertical, W. 
Inch. 


Vertical, E. 

• 

Inch. 


. 


Pounds. 


Inch. 




10, 000 


0. 


0. 


0. 




20, 000 


0. 


0. 


0. 


40, 000 


0. 


0. 


0. 




80,000 


0. 


0. 


0. 




100, 000 


0. 


0. 


0. 




140, 000 


0. 


.01 


— ,01 




180, 000 


0. 


.02 


— .02 




200, 000 


0. 


.02 


— .02 


220, 000 


0. 


.03 


— .03 


240, 000 


0. 


.04 


— . 03 1 


260,000 


0. 


.05 


— . 03 i 


280, 000 


.01 


.07 


-.04 ! 


300, 000 


.01 


.08 


— .04 




320, 000 


.03 


.09 


— .04 




340,000 


.04 


.10 


— .04 




360,000 


.05 


.11 


— .04 


. 


380, 000 


.07 


.12 


— .04 




400, 000 


.10 


.14 


— .04 \ 




410, 000 


.11 


.15 


- .04 




420, 000 


.12 


.16 


— .04 




430, 000 


.14 


.16 


— .04 




440,000 


.20 


.18 


— .04 




450,000 


.23 


.20 


— .04 




460,000 


.29 


.22 


— .04 




470, 000 


.39 


.22 


-.04 


Ultimate strength = 3, 566 pounds 








per square inch. 

i 



Failed by horizontal deflection, plus direction. 

No. 655. 
Same style of post as No. 654. 



JB JL 



JHrectien ef 
Jtnal deflection. 




Preliminary test of the single sticks. 



Stick. Weight. 



A 
B 



Pounds. 
292 
329 



621 



Rings 

per 

inch. 



Total 



34 
24 



length. Widtb - ' De P th ' 



i Inches. Inches. Inches. 
' 179.93 ' 5.64 11.72 

! 179.93 i 5.63 11.72 



Loads applied. 



Stick. 



I Founds 
Actual. • per 

i sq. inch. 



Sectional 
area. 



Gauged 
length. 



Sq. inches. \ Inches. 



66.1 
66.1 



150 
150 



A 
B 



Pounds. 
33, 050 
33,050 



500 
500 



Compres- 
sion. 



Inch. 
.0292 
.0315 



Compres- 
sion set. 



Inch. 
). 
.0007 



132.2 



Horizontal 
deflection. 



Inch. 
.03 
0. 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
0. 
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Test of the built post 



• 


i 
Deflections. 


Loads 






Remarks. 


applied. 


1 






| Horizontal. 


Vertical, W. 


Vertical, E. ; 


Pounds. Inch. 


Inch. Inch. 


10, 000 0. 


0. 0. 


20, 000 0. 


0. 0. Sticks straight-grained, free 


40,000 0. 


0. 0. from knots. 


80,000 0. 


.01 i — . 01 


100, 000 0. 


.02 i — .01 


140,000 


0. 


.02 | — . 01 




180,000 


0. 


.01 


— .01 




200,000 


0. 


.01 


— .01 




240,000 • ! 0. 


.01 


— .01 


280,000 


0. 


.01 


— .01 ; 


900,000 


0. 


.01 


— .01 ! 


320,000* 


0. 


.01 


- .01 




840,000 


0. 


0. 


0. 




350,000 


0. 


0. 


0. 




300,000 


0. 


0. 


0. 




370,000 


0. 


0. ' 0. 




380,000 


o. 


0. 0. i 


890,000 


0. 


o. 


0. 


.400,000 


0. 


0. 


0. ! 


410,000 


0. 


0. 


0. 


420,000 


0. 


— .01 


.01 




430,000 


— .01 


— .01 


.01 




440,000 


— .01 


— .01 


.01 




450,000 


— .01 


— .01 


.91 


460,000 


— .01 


— .01 


.01 


470,000 


— .01 


— .01 


.01 




480,000 


— .01 


— .01 


.01 




400,000 


— .01 


— . 01 i .01 


500,000 


— .01 


— . 01 .01 


510,000 


o. 


— .02 


.02 




520,000 


0. 


— .08 


.03 




580,000 


.01 


— .04 


.04 




540,000 


.02 


— .05 j .05 




550,000 


.05 


— .06 






560,000 


.10 


— .08 






570,000 


. AW 

.17 


— .09 






580,000 








Ultimate strength = 4,387 
pounds per square inoh. 










Failed by horizontal deflc 
ultimate strength, inoreaaii 


>otion in plus direction. Loads continued after passing the 


ng the horizontal deflection. 
Maximum load now sustained. 


627,000 


1.80 


10,000 




Bested 36 hours. 


7,500 
500,000 




Load on VOSt ** And of BA hnnrt. 


1.40 


Maximum lo< 


id sustained a] 


tor 36 hours' rest. 
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No. 656. 
Same style of post as No. 654. 




Direction, of 
JUuil Heflecttim. 



Preliminary test of the single sticks. 



Stick. 


Weight. 


Rings 

per 

inch. 


Total 
length. 




Width. 


Depth. 


Sectional 
area. 


Ganged 
length. 


A 
B 


Pounds. 
282 
287 


13 
11 


Inches. 
180 
180 


Inches. 
5.61 
5.61 


Inches. 
11.71 
11.71 


Sq. inches. 
65.7 
65.7 


Inches. 
150 
150 


560 










131.4 




i 












• 




' 


Stick. 


Loads applied. 


1 

! 

Gompres- Compression 
sion. 1 set. 

1 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual. 


Pounds 

per square 

inch. 


A 
B 


Pounds. 
32,850 
32,850 


500 
500 


Inch. 
.0368 
.0466 


Inch. 
.0002 
.0008 


Inch. 

- .02 

- .06 


Inch. 
0. 
0. 



Test of the built post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal. 


Vertical, W. | Vertical, B. 

i 


Pounds. 

10,000 

20,000 

40,000 

80,000 

400,000 

140,000 

, 180,000 

200,000 

220,000 

240,000 

260,000 

280,000 

300,000 

320,000 

340,000 

360,000 

380,000 

400,000 

420,000 

440,000 

450,000 

460,000 

470,000 

480,000 


Inch. 
0. 
0. 
0. 
0. 
0. 

- .01 

- .04 

- .04 

- .05 

- .06 

- .06 

- .07 

- .07 

- .08 

- .09 

- .10 

- .11 

- .12 

- .16 

- .21 

- .27 

- .33 

- .52 

- .65 


Inch. 
0. 
0. 
+ .01 
+ .01 
.02 
.02 
.01 
.01 
.01 
0. 
0. 
0. 

- .01 

- .01 

- .01 

- .01 

- .01 

- .04 

- .02 

- .04 

- .04 

- .04 

- .04 

- .04 


Inch. 
0. 
0. 

- .01 

- .01 
0. 

0. 

0. 

0. 

0. 
.01 
.01 
.01 
.02 
.02 
.02 
.02 
.02 


Ultimate strength = 3,653 
pounds per square inch. 




+ .04 
+ .04 
+ .04 
+ .04 
+ .04 



Failed by horizontal deflection, minus direction. 
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No. 651. 

Yellow Pine, Swelled Posts. 



b .A 



^Direction of 
final deflecttitru 




j." spaces at en&s. 
%Mk space at middle. 



Preliminary test of the single sticks. 



A 
B 



Loads applied. 



Stick. 



A 
B 



Actual. 



Pounds. 
32,660 
32,650 



Pounds 

per square 

inch. 



Compres- 
sion. 



Weight. 


Rings 

per 

inch. 


Total 
length. 


Width. 


Depth. 


Pounds. 
262 
275 


11 
7 


Inches. 
180 
180 


Incites. 
6.68 
5.68 


Inches. 
11.71 
11.71 


637 


i 















Sectional 
area. 



Sq. inhes. 
65.3 
65.3 



130.6 



Gauged 
len^h. 




Compression Horizontal 
set. deflection. 



500 
500 



Inch. 
.0620 
.0514 



Permanent 
horizontal 
deflection. 



Inch. 
.0014 
.0008 



Inch. 

- .19 

.13 



Inch. 

- .02 

0. 



Test of the built post. 



Loads ap- 
plied. 




Deflections. 




Remarks. 


Horizontal. 


Vertical, W. 


Vertical, E. 


Pounds. 

10,000 

20,000 

40, 000 

60,000 

80,000 

100, 000 

120,000 

140,000 

160, 000 

180,000 

200,000 

220,000 

240,000 

260,000 

280,000 

300,000 

320, 000 

840,000 

360,000 

360,000 


Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
.07 

.47 


Inch. 
0. 
0. 
0. 
0. 
0. 


Inch. 


Ultimate strength = 2;756 

pounds per square inch. 
Alter sustaining load 5 minutes.. 










V. 

0. 
0. 






0. 
0. 






0. 




0. 

- .01 

- .02 

- .03 

- .04 

- .05 

- .07 

- .09 

- .11 

- .17 




+ .02 
-f .04 
.05 
.05 
.06 
.07 
.09 
.11 - 





Post failed by horizontal deflection in plus direction, 
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tfo. 652. 
Same style of post as No. 651. 




JHrectivn of* 
Jtnxil deflection. 



i" spaces at ends. 
_**' 'space at -mi&iRe. 

Preliminary test of the single sticks. 



Stick. 
A 


Weight. 


Bings 

per 

inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


Pounds. 
310 
370 


16 

. 16 


Inches. 
180 
180 


Inches. 
5.58 

Da 06 


Inches. 
11.70 
11.71 


Sq. inches. 
65.3 
65.3 


Inches. 
150 
150 


1 


680 










130.6 




















Stick. 

A 
B 


Loads applied. 




Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual. 


Pounds 
per squai 
inch. 


e 


Pounds. 

32,650 

,32,650 


500 

500 


Inc 
.03 
.03 


h. 
95 
60 


Inch. 
.0008 
. 0002 


Inch. 
— .20 
.18 


Inch. 
0. 
.03 



Transversely the sticks bend an equal amount when bolted together. 

Test of the built post 







Deflections. 






Loads ap- 
plied. 








. Remarks. 










Horizontal. 


Vertical, W. 
Inch. 


Vertical, E. 




Pounds. 


Inch. 


Inch. 




10,000 


0. 


0. 


o. 


Sticks A and B straight grained 


20, 000 


0. 


0. 


0. 


and free from knots. 


40,000 


0. 


— .01 


-.01 




60,000 


0. 


— .01 


— .01 




80,000 


0. 


-.01 


-.01 




100,000 


0. 


-.01 


— .01 




140, 000 


0. 


0. 


0. 




180,000 


0. 


0. 


0. 




200,000 


0. 


0. 


0. 




220, 000 


0. 


0. 


0. 




240,000 


0. « 


0. 


0. 




260,000 


0. 


— .01 


4- .01 




280,000 


0. 


— .01 


.01 




I 300,000 


0. 


— .01 


.01 




320,000 


0. 


— .01 


.01 




340,000 


0. 


— .01 


.01 


, 


360,000 


0. 


- .02 


.02 




380,000 


0. 


— .02 


.02 




400,000 


0. 


— .02 


.02 




410,000 


0. 


— .03 


.03 




420, 000 


0. 


— .04 


.04 




430, 000 


0. 


-.04 


.04 




440,000 


0. 


— .04 


.04 
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Deflections. 




Loads ap- 








plied. 










Horizontal. 


Vertical, W. 


Vertical, E. 


Pounds. 


Inch. 


Inch. 


Inch. 


450,000 


0. 


— .05 


.05 


460,000 


0. 


— .05 


.05 


470,000 


0. 


— .05 


.05 


480,000 


0. 


— .05 


.05 


400,000 


0. 


— .05 


.05 


500,000 


0. 


- .05 


.05 


510,000 


o. 


— .05 


.05 


520,000 


o. 


— .05 


.05 


530,000 


0. 


— .05 


.05 


540,000 


0. 


— .05 


.05 


550,000 


0. 


— .06 


.05 


560,000 


- .01 


— .06 


.05 


570,000 


— .02 


— .06 


.05 


580,000 


— .09 


— .06 


.05 


585.000 


— .17 


— .06 


.05 


588,500 


-- .36 


- .06 


.05 



Remarks. 



Ultimate strength =4, 506 pounds 
per square inch. 



Failed by horizontal deflection in minns direction. 



No. 653. 



Same style of post as No. 651. 



B A 



* tf 



final Reflection 




j." spaces at ends. 
iH" space at -middle. 

Preliminary test of the rinjle sticks. 



Stick. 


Weight. 


Kings 

per 

inch. 


Total 
length. 


Width. 


Depth. 


Seotional 
area. 


Gauged 
length. 


A 
B 


Pounds, 
310 
311 


16 
12 


Inches. 
180 
180 


Inches. 
5.63 
6.59 


Inches. 
11.71 
11.68 


Sq. inches. 
65.9 
65.3 


Inches. 
150 
150 


621 










131.2 


















Stick. 


Loads applied. 






r*.M» 




Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual 


Pounds 

per square 

inch. 


Compression. 


UOEbpreasuui 

set. 


A 
B 


Pounds. 
32,950 
32,650 


500 
500 

^ 


Inch. 
.0559 
.0550 


Inch. 
.0008 
0. 


Inch. 

— .26 

— .12 


Inch. 

— .01 

.02 

* 



Transversely the sticks bend an equal amount when bolted together.' 
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Teat of the built post 







Deflections. 






Loads ap- 
plied, i 








Remark*. t 

I 


_ 


Horizontal. 

. - . 

Inch. 


Vertical, TV. 
Inch. 


Vertical, E. 


1 


• 
rounds. 


Inch. 




10,000 


0. 


0. 


0. 


v 


20,000 


0. 


.01 


0. 




40,000 


0. 


.01 


0. 




80,000 


0. 


.02 


0. 




100,000 


.01 


.02 


0, 




140,000 


.01 


.02 


0. / 




180,000 


.01 


.02 


0. 




180,000 


.01 


.02 


o. 




200,000 


.02 


.02 


0. 




220,000 


.02 


.02 


0. 




240,000 


.02 


.02 


0. 




260,000 


.03 


.01 


0. 




280,000 


• .05 


.01 


0. 




300,000 


.05 


.01 


0. 




320,000 


.06 


.01 


0. 




340,000 


.00 


.01 


0. 




860,000 


.10 


.01 


0. 




370,000 


.11 


.01 


0. 




390,000 


.14 


.01 


0. 




400,000 


.16 


.01 


0. 




i410, 000 


.20 


.01 


0. 




420,000 


.28 


.01 


0. 




480,000 


.40 


.01 


0. 




436,600 


.60 


.01 


0. 


Ultmate strength = 3,328 










pounds per square inch. 



Stick B failed 32" from middle, fibers crashing at a group of knots. 
Post took horizontal deflection in plus direction. 

ISo. 657. 



!"*«• 




o 
o 



€•' 



ua 






t 



4%"boTta. 




=*. 



^fibres cru ihe& 



00* 



Preliminary test of the single sticks. 



Stick. Weight. 



j Pounds. 
A I 840 

B , 319 



659 



Kings 

per 

inch. 

9 
13 


SSL : *"*• 

i 


Depth. 


Inches. 
179.96 
179.96 


Inches. 
5.63 
5.64 


Inches. 
11.72 
11.71 




j 















Sectional 
area. 



Sq. inches. 
66.0 
66.0 



132.0 



Stick. 



Loads applied. 



Actual 






Pounds Compression. 

rsqi 
incl 



per square 
" ten. 



A 
B 



Pounds. 
33,000 
33,000 



500 
500 



Inch. 
.0375 
.0305 



Compression 
set. 



Inch. 
0. 
0. 



Horizontal 
defleotion. 



Inch. 

— .05 

— .02 



Gauged 
length. 



Inches. 
150 
150 



Permanent 
horizontal 
defleotion. 



Inch. 

— .01 
0. 



364 , TESTS OP IRON AND STEEL AND OTHER MATERIALS. 

Test of the built post. 



\ 



Loads ap- 
plied. 



Deflections. 



Pounds. 
10,000 
20,000 
40,000 
80,000 
100,000 
140,000 
180,000 
200,000 
220,000 
240,000 
260,000 
280,000 
300,000 
320, 000 
340,000 
860,000 
380,000 
400,000 
420,000 
440,000 
460,000 
480,000 
500,000 
520,000 
540,000 
560,000 
580,000 



Horizontal. 



Inch. 
0. 
.0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .02 

— .09 



Vertical, W. 



Inch. 

0. 
.01 
.02 
.04 
.06 
.10 
.12 
.14 
.15 
.16 
.18 
.20 
.21 
.23 
.25 
.27 
.29 
.31 
.32 
.35 
.37 
.40 
.42 
.47 
.50 
.57 
.65 



Vertical, E. 



Inch. 

0. 

0. 



.04 



.10 



.12 



.15 



Remarks. 



Ultimate strength = 4,394 
pounds per square inch. 



Failed by crashing fibers at bolt-holes. 

No. 658. 
Same style of post as !No. 657. 




Hirvction, of 



Preliminary test of the single sticks. 



Stick. 



A 

B 



Rings 
Weight. per 
inch. 



Pounds. 
319 
332 



651 



Stick. 



Total 
length. 



Width. Depth. 




Inches. 
5.59 
5.59 



Inches. 
11.71 
11.72 



Loads applied. 

I Pounds 
Actual. ; per square 
inch. 



Sectional 
area. 


Ganged 
• length. 


; Sq. inches. 
1 65.5 
! 65.5 


Inches. 
150 
150 


131.0 













n«n,«™..iA« ' Compression ' Horizontal 
Compression. * | h *<wm™ 



Pounds. 
A | 32,750 
B I 32,750 



500 
500 



Inch. 
.0320 
.0436 



set. 



Inch. 
.0005 
.0008 



deflection. 



Permanent 

horizontal 

deflection. 



Inch. 

.08 

— .04 
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Test of the built post. 



Loads ap- 
plied. 



Pounds. 
10, 000 
20,000 
40,000 
80, 000 
100,000 
140, 000 
180, 000 
200, 000 
220,000 
240,000 
260, 000 
280, 000 
300,000 
320, 000 
340, 000 
360, 000 
380, 000 
400, 000 
410, 000 
420, 000 
425, 000 
430, 000 
440,000 
445,000 
448,000 



Horizontal. 



Inch. 

0. 

0. 

.02 
.02 

0. 

0. 

0. 

— .01 

— .02 

— .04 

— .05 

— .06 

— .08 

— .10 

— .12 

— .15 

— .17 

— .21 

— .27 

— .30 

— .41 

— .48 

— .58 

— .75 
—LOO 



Deflections. 



Vertical, W: 



Inch. 
0. 
0. 

i - 07 
.12 

.15 

.20 

.25 

.28 

.30 

.32 

.33 

.35 

.35 

.35 

.35 

.35 

.35 

.33 

.25 

.15 

— .10 
-.12 
-- .27 

— .41 

— .60 



Vertical, E. 



Remarks. 



Inch. 
0. 



— .07 



— .28 



— .20 



.07 



0. 



+ .55 



Sticks in poor condition ; con- 
tain bad shakes and season- 
cracks. Oblique to axis of 
sticks. 



Ultimate strength = 3,420 
pounds per square inch. 



Stick B failed by opening oblique season-cracks, and shakes taking 
a minus horizontal deflection. 

No. 659. 
Same style of post as No. 657. 



JDirection of * 

"^ v« 

1. spouse. 

Preliminary test of the single sticks. 




Stick. Weight. 





i 

i Pounds. 


A 


320 


B 


293 



613 



Loads applied. 



Rings 

per 

inch. 

12 
8 


Total 
length. 


Width. 


Depth. 


Inches. 
180 
180 


Inches. 
5.61 
5.61 


Inches. 
11.73 
11.73 



















Sectional 
area. 



Sq. inches. 
65.8 
65.8 



131.6 



Stick. 



Pounds 
Actual, per square 
1 inch. 



Compression. 



I Pounds. 
A ' 32, 900 
B i 32, 900 



500 
500 



Inch. 
.0312 
.0372 



Compression, 
set. 



Inch. 
0. 
.0002 



Horizontal 
deflection. 



Inch. 

.04 

— .01 



Gauged 
length. 



Inches. 
150 
150 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
0. 
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Test of the built post. 



Loads ap- 
plied. 



Pounds. 
10,000 
20,000 
40,000 
80,000 
100,000 
140, 000 
180, 000 
200, 000 
220,000 
240,000 
260, 000 
280, 000 
300,000 
320, 000 
340, 000 
360,000 
380,000 
400,000 
440,000 
480, 000 
.500,000 
520, 000 
540,000 
560,000 
580,000 
600,000 



Deflections. 



Horizontal. ! Vertical, W. 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.01 
.02 
.03 
.03 
.04 
.05 
.06 
.07 
.08 
.10 
.12 
.15 
.17 
.20 
.24 
.30 
.45 
.70 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 

o: 

— .02 

— .03 

— .03 

— .64 

— .05 

— .05 

— .05 

— .06 

— .07 

— .08 



Vertical, E. 



Inch. 
0. 



Remarks. 



.13 

"."is" 



.20 
. i . .. 



09 
09 
09 
08 
07 
07 
04 
03 



.27 
"."35" 



0. 



.47 



Ultimate strength = 4,559 
ponnds per sqnare inch. 



Failed by horizontal deflection, plus direction. 

Deflection increased to 1".40 horizontal without crushing fibers of 
either stick. 

Yellow Pine, Built Posts. 

End packing blocks let into sticks. 

No. 660. 




Preliminary test of the single sticks. 



1 J 

•a 


Weight 


1 

1 

1 A 

|B 

1 


Pounds. 
283 
294 


1 

! 
1 


577 



Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


1 

25 
18 


Inches. 
180. 03 
180. 03 


Inches. 
5.61 
5.63 


Inches. 

11.22 

11.24 


Sq. inches. 
62.9 
63.3 


1 

Inches. 
150 
150 


1 






126.2 




1 



















M 
o 

Cfi 



Loads applied. 
Actual. 



{Compression. 



! Pounds per ] 
' square inch, j 



Compression! Horizontal ^?*SS, 
s P et. I deflection. ; ™™«* m 



A 
B 



Pounds. 
31, 450 
31, 650 



500 
500 



" 


i Inch. 
1 . 0325 
; .0400 





Inch. 
0. 
0. 



Inch. 
.08 
0. 



Inch. 
0. 
0. 
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Test of the built post. 

Tested with uneven bearings. 

Strips of yellow- pine packing tV' thick placed between ends of 
sticks and compression platform, one strip behind end of stick A, and 
one strip behind opposite end of stick B. 



Loads ap 
plied. 



Deflections. 



Pounds. 

10, 000 

20,000 

40, 000 

60, 000 

80, 000 

100,000 

140,000 

180, 000 

200,000 

240, 000 

280, 000 

300, 000 

320,000 

360, 000 

400, 000 

420,000 

440,000 

460,000 

480,000 

500,000 

510, 000 



Horizontal. 



0. 

0. 

0. 

0. 

0. 

0. 

0. 

.01 
.01 
.02 
.03 
.03 
.03 
.03 
.05 
.06 
.09 
.10 
.15 
.21 
.80 



Vertical, W. 


Vertical, E. 


0. 
.01 


0. 


.02 




.03 
.03 




.04 
.04 


- .02 


.05 




.05 




.05 




.06 




.06 
.06 


- .03 


.06 




.06 




.07 




.07 




.07 




.07 ' 




.07 
0. 


— .05 



Remarks. 



Ends not packed came to fall 
bearing. 



Ultimate strength = 4,041 
pounds per square inch. 



Failed by horizontal deflection, plus direction. 

The deflection was increased to 2 /A .40 horizontal. At this time the 
fibers of the sticks had crushed at middle and where the packing pieces 
were notched in near the ends. 

Ko. 661. 

Same 6tyle of post as !No. 660. 

^ J)irectian> qf 
filial deflection. 

l',' space. 




Preliminary test of the single sticks. 



© 

GO 



A 

B 



Weight. 



Pounds. 
274 
310 



584 



Kings per 
inch. 



Total 
length. 



12 
9 



Inches. 
180 
180 



Width. 



Inches. 
5.66 
5.60 



Depth. 



Inches. 

11.70 

11.72 



Sectional 
area. 



Sq. inches. 
66.2 
65.6 



Ganged 
length. 



Inches. 
15u 
150 



131.8 



Loads applied. 



M 
o 

03 



A 
B 



- Compression, j Compression 



a «+„„i I Pounds per 
ActuaL I square inch. 



set. 



Pounds. 
33, 100 
32, 800 



500 
500 



Inch. 
.0410 
.0365 



Inch. 
0. 
0. 



Horizontal 
deflection. 



Inch. 

- .01 

- .03 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
0. 



1 
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Test of the built post. 

Tested with uneven bearings. 

Strip of yellow pine ".22 thick placed behind north ends of stick A; 
same thickness of packing placed behind south end of stick B. 



Loads ap- 
plied. 



Pounds. 
10,000 
20,000 

30,000 

40,000 

45,000 

50,000 

60,000 

80, 000 

v 100,000 

140,000 

180, 000 

200, 000 

220, 000 

240,000 

260,000 

280,000 

300,000 

320, 000 

340, 000 

360, 000 

380,000 

400,000 

410, 000 



Deflections. 



Horizontal. 



Inch. 
0. 

— .01 

— .03 
0. 

— .07 



Vertical, W. 



Inch. 

0. 

0. 

.04 
0. 

.10 



— .14 


.14 


— .10 


.14 


— .10 


.14 


— .10 


.14 


— .04 


.15 


— .01 


.15 


0. 


.15 


0. 


.15 


0. 


.15 


0. 


.15 


+ .01 


.14 


v 03 


.14 


:o6 


.13 


.09 


.13 


.12 


.18 


.20 


.13 


.40 


.15 


.76 


.17 



Vertical, £. 



Inch. 
0. 



| % 0. 



— .04 



— .05 



+ .07 



Remarks. 



Deflection rods readjusted. 

Ends not packed reach foil bear- 
ing. 



intimate strength =3, 111 pounds 
per square inch. 



Failed by horizontal deflection, plus direction. 
"Deflections were increased after the maximum load was passed to 
develop lines of failure by crushing the fibers of the sticks. 

Fibers of stick A crushed 15" from middle and at notched ends, as 
shown by sketches below : 



JVbrth- end 



-IZii. 7->- 



„a2pcu?7cin&. 




cru*97i0&> 



jSx 



tSoictH, eiuL 



jaapetcJungr 




'ibres 



No. 662. 
Same style of post as No. 660. 




Directum of 
fined deflection.. 
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Preliminary test of the single sticks. 



o 

Xtl 



A 
B 



M 
o 

CO 



A 
B 



Weight. 



Pounds. 
292 
280 



572 



Kings per 
inch. 



Total 
length. 



14 
8 



Inches. 
180 
180 



Width. 



Inches. 
5.61 
5.61 



Depth. 



Inches. 
11.75 
11.75 



Loads applied. 



Actual. 



Pounds. 
32,950 
32, 950 



Pounds per 
square inch. 



500 
500 



Compression. 



Sectional j Gauged 
area. length. 



Sq. inches. 
65.9 
65.9 



131.8 



Compression Horizontal 
set. deflection. 



Inch. 
.0540 , 
. 0500 I 



Inch. 
0. 
.0004 



Inch 
+ .10 
— .09 



Inches. 
150 
150 



Permanent 
horizontal 
deflection. 



Inch. 
0. 
0. 



Test of the built post. 

Yellow-pine strips, ".32 thick, placed behind north end of stick A; 
same amount of packing placed behind south end of stick B. 



Loads ap- 
plied. 



Pounds. 

10,000 

20,000 

30,000 

40,000 

50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

120,000 

140,000 

160, 000 

180,000 

200,000 

220, 000 

240.000 

260,000 

280,000 

300,000 

320, 000 

340, 000 

360,000 

380, 000 

388, 000 



Deflections. 



Horizontal. 



Inch. 
0. 

— . 03 

— .08 

— .11 

— .06 

— .02 

— .01 

— .01 

— .01 

— .01 

— .04 

— .05 

— .07 

— .08 

— .10 

— .11 

— .12 

— .13 

— .15 

— .19 

— .21 

— .29 

— .37 

— .52 
—1.08 



Vertical, W. 



Inch. 
0. 

— .01 

— .04 

— .08 

— .06 

— .05 

— .05 

— .05 

— .05' 

— .06 

— .02 

— .01 

— .01 
0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .02 



Vertical, E. 



Inch. 
0. 



07 



.08 



.05 



05 



Remarks. 



Washers of end bolts are drawn 
into the wood about tV 7 . South 
end of stick A takes a bearing. 
North end of stick B takes a 
bearing. 



Ultimate strength =2, 944 pounds 
per square inch. 



Failed by horizontal deflection, minus direction. 
Deflections increased to 2".50 horizontal. 

Stick B failed at the end notches in a similar manner to sketches 
showing failure of post No. 661. 
Stick A crushed fibers at a knot If" diameter, 15" from south end. 



S. Ex. 1 24 
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No. 693. 

OcJtpacJUng. 




m j* 



4W "jc **+ 



i£2 



JJ<+ 







fi'ieZta.Q 



<m* 



^ A< mtsfvsr. 



*lO 



Preliminary test of the single sticks. 



i 

OQ 

A 
B 
C 


Weight 


Kings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


Pounds. 
242 
276 
256 


• 
11 
15 
23 


Inches. 
170.07 
170.07 
170.07 


Indus. 
4.50 
4.50 
4.40 


Inches. 
11.61 
11.56 
11.62 


Sq. inches. 
52.2 
63.6 
52.2 


Inches. 
150 
150 
150 


774 






I 


168.0 








| 






1 

OQ 

A 
B 
C 


Loads applied. 


Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual. 


Pounds per 
inch. 


Pounds. 
26,100 
31,800 
26,100 


500 
500 
500 


Inch. 
.0320 
.0325 
.0148 


Inch. 
.0002 
0. 
— .0005 


Inch. 
0.05 
.10 
.01 


Inch. 
0. 

.01 
0. 



Test of the built post 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal* 


Vertical, W. 


Vertical, E. 


Pounds. 


20,000 
40,000 
80,000 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
300,000 
340,000 
380,000 
400,000 
440,000 
480,000 
500,000 
520,000 
540,000 
560,000 
564,000 


Inch. 

0. 

.01 
.01 
.01 
.01 
.01 
.01 
.02 
.02 
.02 
.03 
.05 
.06 
.07 
.00 
.11 
.16 
.20 
.28 
.44 
.00 


Inch. 
0. 

— .02 

— .03 

— .03 

— .03 

— .08 

— .03 

— .03 

— .03 

— .03 

— .04 

— .04 

— .04 

— .05 

— .05 

— .05 

— .05 

— .06 

— .06 

— .06 

— .06 


Inch. 
0. 


Ultimate strength = 3,357 
pounds per square inch. 






.io 




.14 




.15 










.10 











Failed by horiz&ntal deflection, plus direction. 
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BTo. 694. 

Same style of post as No. 693. 

a ' jf * 

tlm W^& MQf Direction of 

finest deflection. 




Preliminary test of the single stioks. 



i 

GG 

A 
B 
C 


Weight. 


Kings per 
kich. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Ganged 
length. 


Pounds, 
108 
290 
208 


17 
24 
10 


Inches, 
180 
180 
180 


Inches. 
4.50 
5.59 
4.46 


Inches, 
11.35 
11.36 
11.35 


Sq. inches. 
51.1 
63.5 
50.6 


Inches, 
150 
150 
150 


691 










165.2 
















■s 

GQ 

A 
B 



Loads applied. 


Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual. 


Pounds per 
square inch. 


Pounds, 
25,550 
81,750 
25,300 


500 
500 
500 


Inch. 
.0500 
.0650 
.0610 


Inch. 
0. 

.0003 
.0005 


Inch. 
.18 
.09 

0. 


Inch. 
.01 
.02 

0. 



Test of the built post 



Loads ap- 
plied. 


Deflections. 


Bemarks. 


Horizontal 


Vertical, W. 


Vertical, E. 


Pounds, 


20,000 
40,000 
80,000 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
300,000 
340,000 
380,000 
400,000 
440,000 
480,000 
500,000 


Inch. 

0. 

.04 
.04 
.05 
.05 
.05 
.05 
.05 
.05 
.04 
.04 
.04 
.04 
.03 
.01 

— .03 

— .10 


Inch. 

0. 

0. 

0. 
.02 
.03 
.04 
.05 
.05 
.05 
.06 
.07 
.07 
.08 
.09 
.10 
.10 
.10 


Inch, 
0. 


• 

Ultimate strength = 3,027 
per square inch. 






— .12 




— .13 




— .15 




— .15 




— .17 



Failed by deflecting horizontally, minus direction. 
Horizontal deflection increased to — 2" without crushing fibers of 
wood or developing any local weakness. 
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No. 695. 
Same style of post as No. 693. 



o JS 




Preliminary test of the single slicks. 



3 

CO 



A 
B 
C 



M 
o 



A 
B 
C 



Weight. I Ri W POT 



Total wiiwi, Tk*j»*i, Sectional Gauged ! 

length. ; Wldth ' De I )th ' ; area. length. • 



Pounds. 
207 
290 
246 



8 
16 
16 



Inches. 
180 
180 
180 



Inches. 
4.49 
5.20 
4.50 



Inches. 
11.85 
11.84 
11.35 



743 



Hq. inches. 
51.0 
59.0 
51.1 

161.1 



Loads applied. 



Compression. Compression 

Actual. • SEftSf ; 
( square inch. ' 



Pounds. 
25,500 
29, 500 
25, 550 



500 
500 
500 



Inch. 
.0429 
.0290 
.0410 



Inch. 
.0002 
.0004 
.0001 



Horizontal 
deflection. 



Inch. i 

— .01 | 

— .06 
0. 



Inches. 
150 
150 
150 



Inch. 
0. 
0. 
0. 



Permanent ; 
horizontal | 
deflection. : 



Test of the built post. 



Loads ap- 
plied. 



Pounds. 


20,000 
40,000 
80,000 
100, 000 
140,000 
180,000 
200,000 
240,000 
280,000 
300,000 
340,000 
360,000 
380,000 
400,000 
420, 000 
440,000 
460,000 
474,000 



Inch. 
0. 
0. 
0. 

— .01. 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .01 

— .03 

— .03 

— .05 

— .07 



Deflections. 



Vertical, W. 


Vertical, £. | 


Inch. 

.02 


Inch. 
0. 


.02 




.02 




.02 
.04 




.02 


.05 




.06 
.07 


.02 


.10 




.10 
.12 


.02 



.12 
.14 
.16 
.18 
.19 
.20 



04 



Remarks. 



Stick B, "shaky": has longi- 
tudinal seams. Stick G has. 



dull, dead 
plaoes. 



appearance in 



Ultimate strength = 2,942 
pounds per square inch. 



Stick B failed by opening longitudinal seams. 
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No. 696. 

Swelled Post. 




jg&2£ 



MfltH. 






ml I to-' 






Preliminary test of the single sticks. 



9 

© 
CO 

A 
B 
C 


Weight. 


Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


Pounds. 
217. 
263 
190 


25 
11 
15 


Inches. 
180 
180 
180 


Inches. 
4.51 
1 5.50 
4.48 


Inches. 
11.24 
11.23 
11.23 


Sq, inches. 
60.7 
61.8 
60.3 


Inches. 
150 
150 
160 


660 










162.8 




















CO 

A 
B 
C 


Loads applied. 


i 
i 

1 
Compression. ! Compwtdoii 

1 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual. 


Pounds per 
square inch. 


Pounds. 
25,360 
30,900 
25, 150 


500 
500 
500 


i 

Inch. Inch. 

. 0337 0. 

. 0567 . 0003 

. 0715 . 0010 


Inch. 

.08 
— .05 

.24 


Inch. 
.02 
0. 
.03 



Test of the built post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal. 


Vertical, W. 


Vertical, E. 


Pounds. 


20,000 
40,000 
80,000 
100,000 
140,000 
180, 000 
200,000 
240, 000 
280,000 
300,000 
340,000 
380,000 
400, 000 
440,000 
480,000 


i 

Inch. 1 Inch. 

0. 0. 

.02 0. 


Inch. 
0. 




.02 0. 
.05 .04 
.05 ! .05 
.09 | .09 
.09 ; .10 
.09 .10 
.09 -11 










— .10 






— .10 




.09 
.09 
.09 
.09 
.09 
.10 
.30 


.12 
.13 
.14 
.16 
.16 
.17 
.18 


— .10 




- .15 


• 

Ultimate strength = 2,948 
pounds per square inch. 









Failed by horizontal deflection plus direction. Horizontal deflection 
increased to 2" without developing any local weakness. 
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No. 697. 
Same style of post as No. 696. 



final 




Direction 



T.'spaces atervde. 
1% n it miOdle. 



Preliminary test of the tingle sticks. 



A 

B 
C 


Weight. 


Rings per 
inoh. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


Pounds. 
242 
249 
215 


15 

12 

•15 


Inches. 
180 
180 
180 


Inches. 
4.52 
5.43 
4.47 


Inches. 
11.60 
11.60 
11.58 


Sq. inches. 
52.4 
63.0 
51.8 


Inches. 
150 
150 
150 


706 






• 




167.2 
















• 
* 

QQ 

A 
B 



Loads applied. 


Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 
horizontal 
deflection. 


Actual. 


Pounds per 
square inch. 


Pounds, 
26,200 
31,500 
25,900 


500 
500 
500 


Inch. 
.0240 
.0330 
.0336 


Inch. 
0. 
- .0007 
0. 


Inch. 

— .15 

— .01 
.28 


Inch. 
— .01 
0. 
.02 



Test of the built post 



Loads ap- 
plied. 


Deflections. 


Remanfta. 


Horizontal. 


Vertical, W. 


Vertical, E. 


Pounds. 
0. 
20,000 
40,000 
80,000 
100, 000 
140,000 
180, 000 
200,000 
240, 000 
280, 000 
300, 000 
340, 000 
380,000 
400, 000 
440,000 
460,000 
480,000 
500,000 
520,000 
540, 000 


Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.01 
.02 
.04 
.07 
.09 
.12 
.19 
.50 


Inch. 

0. 
.01 
.03 
.04 
.05 
.05 
.05 
.06 
.06 
.06 
.07 
.08 
.08 
.08 
.08 
.09 
.09 
.09 
.10 
.10 


Inch. 
0. 


North end of stiok A shaky. 

Ultimate strength =3,230 lbs* 
per square inoh. 






.05 




.08 










.11 















Failed by horizontal deflection, plus direction. 
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Test of specimens cut from No. 697, stick A. 




^ 



i 

o 

OQ 


• 

•a 


• 

•s 

.a 
p. 

(0 

a 
•** 


• 

Us 

p 

h3 


Size. 


• 

§ 

-3 

l 
OQ 


Ultimate strength. 


Remarks. 


1 


Ponnds per 
square inoh. 


D 

E 


Lb: 


6 

18 


Inches. 
19.95 
19.93 


Inches. 

5X3 

4.48X3 


Sq. inches. 
15 
13.44 


Pounds. 
73,000 
85,600 


4,867 
6,369 


Fibers crushed. 
Do. 



No. 698. 
Same style of post as No. 696. 



JHrweCttmr 




tyvsHfttan. 



nriVd 



l ,f 6paoe*\ aXrend*. 
iff n tt THiddZ*. 









Preliminary test of the single sticks. 


• 






m 

•g 

A 
B 
C 


Weight. 


Rings per 
inch. 


Total 
length. 


Width. 


Depth. 


Sectional 
area. 


Gauged 
length. 


Pounds. 
224 
255 
296 


15 

8 

15 


Inches. 
179.94 
179.94 
179.94 


Inches. 
4.46 
5.53 
4.50 


Inches. 
11.60 
11.70 
11.59 


Sq. inches. 
51.7 
64.7 
52.2 


Inches. 
150 
150 
150 


775 










168.6 














/ 


4 

QD 


Loads applied. 


Compression. 


Compression 
set. 


Horizontal 
deflection. 


Permanent 

horizontal 

deflection. 


Actual. 


Pounds per 
square inoh. 


A 
B 
C 


Pounds. 
25,850 
32,350 
26, 100 


500 
500 
500 


Inch. 
.0290 
.0585 
.0341 


Inch. 
.0009 
.0005 
.0004 


Inch. 

— .84 
.04 
.12 


Inch. 
— .02 
0. 
.02 



Test of the built post. 



Loads ap- 
plied. 


Deflections. 


Remarks. 


Horizontal. 


Vertical, W. 


Vertical, £. 


Pounds. 

0. 

20,000 

40,000 

80, 000 


Inch. 
0. 
0. 

— .01 

— .01 


Inch. 

0. 
.02 
.04 
.07 


Inch. 
0. 
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Test of the built pout — Continued. 



Loads ap- 
plied. , 



Defections. 



Horizontal. 



Vertical, W. 



Pounds. 
100,000 
140,000 
180,000 
200,000 
240,000 
280,000 
300,000 
340,000 
380,000 
400,000 
440,000 
400,000 
480,000 
500,000 
510,000 
520,000 
530,000 
540,000 
544,000 



Inch. 

— .01 
0. 

0. 
0. 
0. 
0. 
0. 

— .01 

— .02 

— .03 

— .06 

— .08 

— .12 
-.17 

— .20 

— .26 

— .33 

— .48 

— .75 



Inch. 
.08 
.00 
.09 
.09 
.09 
.09 
.09 
.09 
.10 
.10 
.10 
.10 
.09 
.09 
.09 
.09 
.09 
.08 



Vertical, E. 



Remarks. 



Inch. 
— .04 



05 
07 



— .10 



Ultimate strength =3,227 lbs. 
per square inch. 



Failed by horizontal deflection , minus direction. 

Horizontal deflection increased to 2". 

Sticks taking uniform bend without crushing fibers locally. 



Test of specimens cut from JVb, 698, stick C. 



Norih 
end. 



7T— ' 

;d>. 









i.oS ^v • 






South 
emu 



South end of stick as placed in testing machine very resinous. 
The rate of growth was most rapid near the heart of the stick. 
Specimens E and G have about the same rate of growth, containing 
the heart; specimens F and H having about the same rate of growth* 







• 








Ultimate strength. 




i 

1 

QQ 


Weight. 


i 

Rings per inch 


I 


Size. 


Sectional area. 




Remarks. 


-5 
< 


Pounds per 
square inch. 




Us. 


In. 


Inches. 


Sq. in. 
22.59 


Pounds. 




E 


11 


11 


20 


5.02x4.50 


123,500 


5,467 


Fibers crushed. 


T 


4 


22 


20 


3 x4.50 


13.50 


86,500 


6,407 


Do. 


a 


11 


20 


5.02x4.50 


22.59 


128,800 


5,480 


Do. 


H 


11 


20 


20 


3 X4.50 


13.50 


79,200 


5,866 


Do. 


i 


H 


20 


20 


2.75x4.48 


12.33 


81,800 


6,640 


Do. 




180T20 



Weight (posts, packing, and bolts), 911 pounds. 
Sectional area, 108.36; 105.84 = 214.2 square inches. 
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i 



Gauged length taken on post A, 160". 

Post free from knots. 

Stick A, new timber, has not been previously tested. 

Stick B previously tested in built post No. 691. 



Loads 
applied. 



Pounds I c ompr6a . Permanent 

- iAT sion. set 

icn. 



mci 



Pounds. 

10,000 

50,000 

10,000 
100, 000 

10,000 
150,000 

10,000 
200,000 

10,000 
250, 000 

10,000 
300,000 

10,000 
350,000 

10,000 
400,000 

10,000 
450,000 
500,000 
550,000 
600,000 
650,000 
700,000 



Inch. 
0. 
.0148 



Inch. 



.0355 
7<)560" 
\*0785" 
'."i608* 
."i240" 
7i480" 
"i730" 



0. 

o." 

o." 

"."ooio" 
".ooio" 
"."0615* 
"."0021" 
"."0630" 



3,268 



Deflections. 



Horizontal. 



10,000 



Inch. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

— .02 
0. 

— .05 
0. 

— .08 
0. 

— .10 

- .01 

- .13 

— .02 

— .17 

- .20 

— .28 

- .34 

- .45 

- .75 
-1.50 

- .40 



Vertical. 



Inch. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.02 

.05 

.06 

.06 

.06 

.06 

.06 
0. 



Remarks. 



Snapping sounds 
heard. 



Ultimate strength. 
Deflections after 

sustaining load 

6 minutes. 



Longitudinal cracks opened along middle of stick B ; no cracks devel- 
oped in stick A. 
Time of test, one hour. 

Compression of yellow-pine posts. 

TABULATED RESULTS. 







• 

rate of growth, 
s per inch. 




Size of post. 




Ultimate 
strength. 




5 
S 

O 












i 

l-H 




per 
inch. 


Manner of failure. 


u 


• 


&«o 




m 






«6 




• <Q 




© 


+a 


w>q 




.a 


• 


• 


a 


»-s 


** £ 




S 

a 




Lbs. 




a 

O) 

t-3 


In. 






3 

< 


p « 








«. 


In. 


In. 


Sq.in. 


Pounds. 






565 


47 


20 


5 


.06 


5.50 


5.50 


30.3 


172,000 


5,677 


Fibers crushed 12" from end of 
post. 


566 


44 


12 


5 


.10 


5.50 


5.49 


30.2 


141, 000 


4,669 


Failed at knots 15" from end. 


567 


45 


25 


5 


.10 


5.48 


5.54 


30.4 


168, 000 


5,526 


Failed at knots 9" and 17" from 

end of post. 
Failed at knot 8" from end of post. 
Failed at season-cracks ; crashed 


568 


47$ 


20 


5 


.10 


5.46 


5.50 


30 


108, 000 


3,600 


562 


72$ 




7 


5.98 


5.45 


5.52 


30.1 


140, 000 


4,651 






















fibers. 


563 


50$ 




7 


6.14 


5.46 


5.46 


29.8. 


124, 000 


4,161 


Failed at knots 30" from end of 
post. 


564 


57 




7 


6.15 


5.47 


5.47 


29.9 


143, 500 


4,799 


Failed at knots 27" from end of 
post. 


559 


86 




10 


.17 


5.49 


5.48 


30.1 


146, 200 


4,857 


Deflected upward. 


560 


88$ 




10 


.16 


5.50 


5.47 


30.1 


139, 000 


4,618 


Deflected downward. 


561 


110 




10 


.15 


5.51 


5.50 


30.3 


143,600 


4,739 


Failed at knots middle of post. 


556 


126 




12 


6.12 


5.54 


5.51 


30.5 


156,000 


5,114 


Deflected horizontally. 


557 


128 




12 


6.17 


5.47 


5.52 


30.2 


156,000 


5,166 


Deflected diagonally. 


558 


141$ 


* 


12 


6.20 


5.50 


5.50 


30.3 


150, 000 


4,950 


Do. 
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Compression of yellow-pine posts — Continued. 



• 
00 

3 

o 




rate of growth, 
s per inch. 


Size of post. 


• 

§ 


Ultimate 
strength. 
















per 
inch. 


Manner of failure. 


»4 

<D 


• 

■a 


<D OB 

bin 

g*c 




 

.4 
of) 


4 


• 


"3 

a 

o 


-a 

s 


oo 9 

* a 




fe 




> 

< 




3 




ft 

9 


4» 

02 


"8 










Lbs. 


Ft. 


In. 


In. 


In. 


Sq.in. 
30.1 


Pounds. 






553 


140 




15 


.22 


5.50 


5.48 


99,200 


3,296 


Deflected downward. 


554 


148 




15 


.24 


5.49 


5.47 


30 


130,000 


4,333 


Deflected horizontally. 


555 


148 




15 


.25 


5.50 


5.50 


30.3 


129,000 


4,257 


Deflected diagonally. 
Deflected horizontally. 


550 


172 




17 


6.24 


5.48 


5.47 


30 


90,000 


3,000 


551 


180} 


••••«• 


17 


6.25 


5.46 


5.46 


29.8 


109,000 


3,658 


Do. 


552 


1674 




17 


6.26 


5.50 


5.50 


30.3 


93,000 


3,069 


Do. 


548 


185 




20 


.30 


5.40 


5.45 


29.4 


82,000 


2,789 


Do. 


549 


185 




20 


.28 


5.45 


5.46 


29.8 


87,800 


2,946 


Do. 


545 


212 




22 


6.28 


5.64 


5.59 


31.5 


73, 700 


2,340 


Do. 


546 


189 




22 


6.37 


5.42 


5.49 


29.8 


56,000 


1,879 


Deflected upward. 


547 


266 




22 


6.30 


5.65 


5.61 


31.7 


62,500 


1,972 


Deflected diagonally. 
Deflected horizontally. 


508 


210 




25 


.36 


5.46 


5.48 


29.9 


52,000 


1,739 


509 


235 




25 


.30 


5.46 


5.49 


30 


59, 000 


1,967 


Do. 


510 


210 




25 


.33 


5.45 


5.46 


29.6 


55,500 


1,862 


Do. 


499 


258 




27 


6.44 


5.31 


5.29 


28.1 


60,800 


2,163 


Do. 


500 


236 




27 


6.43 


5.32 


5.30 


28.2 


39,000 


1,383 


Deflected diagonally. 
Deflected horizontally. 


501 


256 




27 


6.40 


5.31 


5. SO 


28.1 


44,400 


1,580 


572 


*24 


6 


6 


8.10 


7.78 


9.75 


75.8 


260,000 


3,430 


Failed at a knot 30" from end of 
post. 


573 


131 


14 


6 


8.08 


7.76 


9.77 


75.8 


286,500 


3,780 


Failed at a knot 26" from end of 
post. 


574 


161* 


21 


6 


a 10 


7.74 


9.81 


75.9 


383, 000 


5,046 


Failed at knots 8" from end of . 
post. 


578 


233} 


23 


10 


.13 


7.74 


9.73 


75.3 


304,000 


4,037 


Failed at a knot 18" from end of 

post. 
Failed 36" from end; grain of 


579 


240 


19 


10 


.14 


7.78 


9.75 


75.9 


399,500 


5,264 






















wood wavy. 


580 


240 


28 


10 


.14 


7.75 


9.75 


75.6 


350, 000 


4,629 


Failed at knot 17" from end of 
post. 


584 


266 


18 


13 


4.18 


7.68 


9.72 


74.6 


307,500 


4,122 


Failed at knots 15" and 29" from 
end of post. 


585 


258 


6 


13 


4.15 


7.75 


9.74 


75.5 


284,000 


3,762 


Failed at knots 45" from end of 
post. 


586 


336 


23 


13 


4.20 


7.75 


9.75 


75.6 


296,000 


3,921 


Failed at knots near middle of 
post. 


587 


318 


24 


16 


8.17 


7.70 


9.74 


75. 


274, 500 


3,660 


Failed at knots 50" from end of 
post. 


588 


381 


12 


16 


8.24 


7.74 


9.73 


75.3 


382,000 


5,073 


Deflected horizontally. 


589 


339} 


21 


16 


8.26 


7.25 


9.49 


68.8 


304, 000 


4,419 


Do. 


530 


461 




20 


.25 


7.71 


9.80 


75.6 


287,000 


3,796 


Do. 


531 


410 




20 


.28 


7.76 


9.58 


74.3 


275, 000 


3,701 


Failed at knots 70" from end of 
post. 


532 


391 




20 


.25 


7.61 


9.68 


73.7 


220, 000 


2,985 


Deflected horizontally. 


542 


501 




23 


4.20 


7.69 


9.77 


75.1 


225, 000 


2,996 


Do. 


543 


501 




23 


4.20 


7.69 


9.73 


74.8 


220, 500 


2,948 


Do. 


544 


560 


■•*••• 


23 


4.22 


7.70 


9.76 


75.1. 


298, 000 


3,968 


Do. 


527 


531 




26 


8.30 


7.40 


9.47 


70 


210, 000 


3,000 


Do. 


528 


627 




26 


8.29 


7.45 


9.45 


70.4 


205, 000 


2,912 


Do. 


529 


535 




26 


8.30 


7.46 


8.94 


66.7 


184,500 


2,766 


Deflected diagonally. 


711 


375 


12 


15 


.08 


5.60 


15.60* 


87.4 


349, 000 


3,993 


Deflected horizontally. 


712 


397 


21 


15 


.05 


5.63 


15.57 


87.7 


339, 000 


3,865 


Do. 


713 


382 


15 


15 


.00 


5.65 


15.50 


87.6 


272,500 


3,111 


Do. 


484 


432 




15 


.25 


6.90 


15.85 


109.4 


270, 000 


2,468 


Deflected horizontally; knot on 
concave side. 


708 


464 


17 


15 


.00 


6.61 


15.51 


102.5 


340,000 


3,317 


Failed at some knots at middle 
of post. 
Deflected horizontally. 


709 


557 


18 


15 


.00 


6.60 


15.64 


103.2 


455, 000 


4,400 


710 


491 


18 


14 11. 92 


6.61 


15.61 


103.2 


432, 000 


4,186 


Do. 


641 


561 


5. 


15 


.10 


8.25 


16.25 


134 


428, 000 


3,194 


Fibers crushed at middle of post, i 

vicinity of knots. 
Deflected horizontally. 


671 


585 


12 


15 


.07 


8.25 


16.20 


133.6 


425, 000 


3,181 


672 


578 


13 


14 11. 93 


8.20 


16.20 


132.8 


526,000 


3,961 


Do. 


485 


434 




15 


.27 


6.75 


15.95 


107.7 


175, 000 


1,625 


Deflected horizontally ; ) 






















knots on concave side. 


Second ; 


487 


450 




15 


.25 


6.80 


15.72 


106.9 


310, 000 


2,900 


Deflected horizontally; 
initial bend in post. 


y test of 
these 


486 


705 




15 


.24 


8.63 


16.83 


145.2 


380, 000 


2,617 


Opened shakes and sea- 


posts. 






















son-cracks. J 
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THOROUGHLY SEASONED YELLOW-PINE POST FROM THE ARSENAL 

STOREHOUSE. 



Time Tests. 




J£0. 



Yellow-pine post about 11".5 square by 10 feet long, cut into four 
specimens — A, B, 0, and D. 

Specimens A and D tested by gradually increasing the compression 
loads till failure took place. 

Specimens B and tested by applying increments of 200 pounds per 
square inch compression, allowing each increment to remain five min- 
utes ; measuring the compression when first applied and again at the 
end of five minutes, then releasing the strains to zero-load, measuring 
the compression set immediately and again after five minutes' rest ; so 
proceeding to the end of the test. 



No. 631. 



Specimen A. 




J8.-J0 



Sectional area, 61.7 square inches. 

Weight, 86% pounds. 

Average rate of growth, 9 rings per inch. 

Ultimate strength, 422,000 pounds = 6,840 pounds per square inch. 

Time of test, 14 minutes. 

Deflected sideways, crushing fibers on the concave side. 



No. 632. 



Specimen B. 




■rs."ss 



Sectional area, 61.7 square inches. 
Weight, 85 pounds. 
Gauged length, 30". 
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Loads ap- : Pounds per Compre88 ion Compression 
plied. ) square inch. ^""^i" 000 af >t. 



Pounds. 


12,340 



24,680 



37, 020 



49, 360 



61, 700 



74,040 



86, 380 



98, 720 



111,060 



123, 400 



135, 740 



148, 080 



160, 420 



172, 760 



185, 100 




200 


400 




600 

6 
800 
"6 

1,666 
"6" 



1,200 

6 

i,400 

"""6 



1,600 

6 

i,800 
" 



2,000 

6 



2,200 

""o" 



2,400 

6 



2,600 

6 

2,800 

6 
3,666 



Inch. 
0. 



< 0. 

} o. 



.0022 
. 0024 



.0050 
. 0052 



.0078 
.0079 



.0108 
.0110 



.0137 
.0139 



.0164 
.0166 



.0191 
.0194 



.0219 
. 0221 



. 0248 
.0249 



.0270 
. 0275 



.0300 
. 0301 



.0326 
.0330 



.0358 
.0360 



.0388 
.0393 



1 


i 






• 


197,440 


3,200 1 


.0420 
.0424 




« o ! 








209,780 


3, 400 


.0449 
.0453 




! 
i 








222, 120 


3,600 


.0478 
.0483 


I 



| 




1 




234,460 


3,800 , 


.0509 
.0513 




i 

i 








246,800 


4,000 


.0539 
.0546 









set. 



Inch. 



Remarks. 



- .0005 

— .0005 



- .0008 

- .0006 



- .0006 

- .0008 



-. 0006 
-. 0006 



- .0004 

- .0008 



- .0005 

- .0008 



- .0006 

- .0008 



I — .0005 
! - .0005 



.0004. 
.0005 



0002 
0003 



Bested over night 15 hours. 



0. 
0. 



.0003 
. 0002 



.0005 
.0005 



.0009 
.0005 



. ooio ! 

.0009 j 


• i 


.0011 
.0010 

1 


.0015 

. 0011 

1 


1 

. 0019 ' 
.0015 


...... .... . 

. 0018 
.0016 





8. Ex. 1- 
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386 TESTS OF IRON AND STEEL AND OTHER MATERIALS 



Loads ap- j Pounds per 
plied. | square inch. 



Pounds. 
259,140 



271,480 



308,500 



345,620 



357,860 



370,200 



382,540 



Compression. Compression 





u 




283,820 


4,600 

j 


.0634 
.0646 













296,160 


4,800 | 


.0670 
.0682 






i 
t 










4,200 
"6" 
4,400* 



4,600 
........ 

4,800* 
"6" 
5,000 


m 
6 

ioc 
6 

5,' 600* 

o 

5,800 

""""6" 

6,000* 

"6"* 
e,'2oo" 



Inch. 



.0570 
.0576 



.0600 
.0607 



. 0702 
.0720 



320,840 


5,200 


.0742 
.0762 




o ! 








333,180 


5,400 


.0785 
.0810 



.0830 
.0870 



.0891 
" .0941 



.0965 
.1008 



.1030 



set. 



Inch. 
.0024 
.0020 



.0025 
.0020 



.0030 
.0025 



0035 
0030 



.0044 
.0035 



.0050 
.0042 



.0060 
.0052 



.0075 
.0063 



.0089 
.0080 



0114 
0097 



. §133 
.0115 



Remarks. 



Ultimate strength. 



Crashed fibers 12" from eod at a knot. 
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No. 633. 
Specimen C. 




SB. 



"WL 



Sectional area, 61.4 square inches. 
Weight, 86 pounds. 
Gauged length, 30". 



Loads ap- Pounds per 7»«.«,»«».««,«* ; Compression 
T»H«rt an,,*™ i«Ah iCompressioD. , * t _ 



plied. ' sqnare inch. 



Pounds. 




Inch. 
0. 



12, 280 


200 


.0024 
.0024 i 













24,560 


400 


.0052 
.0052 






 








36,840 


600 



.0079 
. 0080 






49, 120 


800 


.0106 
.0112 











• 


61,400 




1, 000 


.0139 
.0140 











73,680 


1,200 


. 0169 
. 0171 









85,960 


1,400 


.0197 
.0199 




o ; 








98,240 


1,600 


.0227 
.0230 




o 






 


110, 520 


1,800 


.0258 
.0259 




1 


! 






122,800 


2,000 


.0284 
.0289 




o i 








135,080 


2,200 ! 


. 0315 

. 0318 1 




o i 






\ 


147,360 


2,400 ' 


.0347 
.0350 




6 








159,640 


2,600 


.0377 
.0381 




6 


i 




• 


171, 920 


2,800 


.0410 
.0410 




' 

1 




184.200 


3,000 


.0440 
. 0445 




' 





set. 



Inch. 



.0006 
.0008 



0007 
0005 



0009 
0005 



.0008 
.0005 



0006 
0006 



.0009 
.0010 



.0010 
.0009 



.0011 
.0010 



.0013 
.0010 



.0011 
.0010 



.0013 
.0010 



Remarks. 



.0020 
.0016 



.0015 

. 001 1 ; . Bested 30 minutes without fur- 
ther recovery. 



.0018 | 
.0015 i 



388 TESTS OF IRON AND STEEL AND OTHER MATERIALS 



Loads ap- Pounds per n n „.,«-.u« Compression 
plied. square inch. <-™Pr«*8ion. *. t< 



Remarks. 



1 Pounds. 



294,720 



307,000 



319, 280 



331,560 



880,680 





i."s 



M 
6 

6 

o 

M 

6 
o 



4,800 

"o" 

5,666" 
6 

5,200 

b"" 

5,400 
"6 

i,« 
6 

hi 

o 

i,"c 
6 
6,266" 



Inch. 



196, 480 


3,200 




.0470 
.0477 






208, 760 


3,400 


.0500 
.0505 













221, 040 


3,600 


: 0535 
.0540 


1 







1 




233, 320 ' 


3,800 


.0564 
. 0572 


1 







i 




245,600 


4,000 


.0599 
.0610 









1 




257,880 


4,200 


.0634 
.0640 



270, 160 


4, 400 



.0664 
.0675 










282,440 


4,600 


.0691 
.0707 





1 









.0730 
0739 



.0764 
.0780 



.0810 
.0825 



0850 
0875 



343,840 


5,600 


.0898 
.0931 













366,120 


5,800 


.0958 
.0995 





......... . .' 








368,400 


6,000 S 


.1025 



.1074 



1125 
1194 



. 



%.. 








392,960 


6,400 


.1234 
.1335 




6 




: 




405,240 

t 

 


6,600 


.1357 



Inch. 
.0020 
.0020 



0025 
0020 



.0030 
.0021 



0030 
0029 



.0037 
.0030 



0040 
0036 



.0044 
.0040 



0053 
0049 



.0063 
.0052 



.0070 
. 0062 



.0080 
.0070 



.0095 
.0085 



.0115 
.0101 



.0138 
.0121 



.0167 
.0149 



.0210 
.0192 



.0280 
.0250 



. 0050 Rested over night 15 hours. 

.0043 

.0032 



Ultimate strength. 



Fibers crushed 16" from end of specimen, which took a slight deflec- 
tion sideways. 



/ 



I 
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No. 634. 



Specimen D. 




Sectional area, 61. 6 square inches. 
Weight, 88£ pounds. 
Gauged length, 30". 



Loads ap- 
plied. 


ruuuuw 

per square 
incn. 


Compression. 


Pounds. 




Inch. 








0. 


12, 320 


200 


.0040 


24,640 


400 


.0075 


36,960 


600 


.0108 


49, 280 


800 


.0134 


61,600 


1,000 


.0159 


73, 920 


1,200 


.0185 


86,240 


1,400 


.0214 


98,560 


' 1,600 


.0240 


110, 880 


1, 800 


.0268 


123, 200 


2,000 


.0292 


135, 520 


2, 200 


.0320 


147, 840 


2, 400 


.0348 


160, 160 


2,600 


.0375 • 


172, 480 


2,800 


.0404 


184, 800 


( 3, 000 


.0430 


197, 120 


3,200 


.0460 


209, 440 


», 400 


.0485 


221,760 


3,600 


.0512 


234, 080 


i 3,800 


.0540 


246,400 


4,000 


.0570 


258, 720 


4, 200 


.0598 


271,040 


4,400 


.0627 


283, 360 


4, 600 


.0655 


295, 680 


4,800 


.0682 


308, 000 


5,000 


.0712 


320, 320 


5,200 


.0744 


332, 640 


5, 400 


.0776 


344,960 


5,600 


.0812 


357, 280 


5,800 


.0852 


369, 600 


6,000 


.0892 


38JL, 920 


6, 200 


.0938 


394.240 


6,400 


.0975 


428, 700 







Renin rkg. 



Ultimate strength. 



Time of test, 22 minutes. 

Fibers crushed from 4" to 8" from end of specimen. 



390 TESTS OF IRON AND STEEL AND OTHER MATERIALS. 

COMPRESSION OF WOOD (OAK AND PINE). 

Compression tests of samples of yellow pine and white oak out from round 
posts tested/or Edward Atkinson. 

Specimens rectangular, 32" long each. 

White Oak. 

Dimensions of original post: Length, 168"; diameter, 10".54; sectional 
area, 84.8 square inches; diameter of core, 1".75. 

Ultimate strength, 420,000 pounds = 4,953 pounds per square inch. 



Sectional area, 20 square inches. 

Weight, 174, pounds. 

Ultimate strength, 169,000 pounds = 8,450 pounds per square inoh. 

Failed 6" from end where the grain was wavy. 

Xo». 62 1 a. 

White Oak. 

Specimen cut from No. 621. 



Sectional area, 8.34 square inches. 

Ultimate strength, 65,000 pounds = 7.794 pounds per square inch. 

Failed at a knot 5" from end. 



Specimen cut from same post as No. 621. 



Sectional area, 20 square inches. 

Weight, 17J pounds. 

Ultimate strength, 137,000 pounds = 6,850 pounds per square inoh. 

Failed by opening a longitudinal seam along a row of knota. 
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Yellow Pine. 

Dimensions of original post: Length, 167".90; diameter, 7".70? sec" 
tional area (mean), 45.8 square inches; diameter of core, 1".60. 
Ultimate strength, 200,000 pounds = 4,367 pounds per square inch. 

No. 623. 




"j 



j&. yoruj. 



i!'9% 



Sectional area, 8.77 square inches. 

Weight, 8 pounds. 

Ultimate strength, 47,300 pounds = 5,390 pounds per square iuch. 

Failed by deflecting sideways, crushing fibers on the concave side at 
middle; also If" from one end and 4|f" from the other end on the 
opposite side from the crushing at the middle, as indicated by letters A 
on the sketch. 




7 




No. 624. 
Specimen cut from same post as No. 623. 



32."lar*&. 




J.*98 



• Sectional area, 8.8 square inches. 
Weight, 9 pounds. 

Ultimate strength, 48,300 pounds = 5,490 pounds per square inch. 
Failed by deflecting sideways, crushing fibers on the concave side. 

Yellow Pine. 

Original post tested with one flat end and one round end. 
Dimensions of original post: Length, 143".04; diameter, 8" ; sectional 
area, 4H.25 square inches ; diameter of core, 1".60. 
Ultimate strength, 225,000 pounds = 4,663 pounds per square inch. 




32~lang. 



i:o7 



Sectional area, 8.8 square inches. 

Weight, 8 pounds. 

Ultimate strength, 51,200 pounds = 5,820 pounds per square inch. 

Failed by fibers crushing, stick taking a slight horizontal deflection. 
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No. 626. 

Specimen cut from same post as No. 625. 




, ** 



32. long. 



Sectional area, 8.8 square inches. 

Weight, 8 pounds. 

Ultimate strength, 58,000 pounds = 6,590 pounds per square inch. 

Fibers crushed at a knot 9" from end of specimen. 

White Oak. 

Dimensions of original post: Length, 164".08; diameter, 9".25; sec- 
tional area, 64.4 square inches; diameter of core, 1".90. 

Ultimate strength, 221,000 pounds = 3,432 pounds per square inch. 

No. 627. 




jsTlong 



273a 



Sectional area, 13.1 square inches. 

Weight, 11J pounds. 

Ultimate strength, 63,100 pounds = 4,817 pounds per square inch. 

Failed at a knot 10" from end of specimen. 

No. 628. 
Specimen cut from same post as No. 627. 




*.as 



Sectional area, 13 square inches. 

Weight, 11J pounds. 

Ultimate strength, 81,000 pounds = 6,230 pounds per square inch. 

Failed at a group of knots 8" from end of specimen. 

White Oak. 
Tested with pintle ends. 

Dimensions of original post: Length, 163".80; diameter, 9".35 ; sec 
tional area, 65.8 square inches ; diameter of core, 1".90. 
Ultimate strength, 215,000 pounds = 3,267 pounds per square inch. 

No. 629. 




Sectional area, 13.19 square inches. 

Weight, llj pounds. 

Ultimate strength, 79,900 pounds = 6,058 pounds per square inch. 

Failed at a group of knots near middle of specimen. 
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tfO. 630. 

Specimen cut from same post as No. 629. 




\ $2."long. 



*."3T 



Sectional area, 13.08 square inches. 

Weight, llf pounds. 

Ultimate strength, 80,900 pounds = 6,185 pounds per square inch. 

Failed at a knot 6" from end of specimen. 

Indentation of wood perpendicular to grain. 

No. 714. 
White Pine. 




Compressed area, 4 // .02x4 // .02 = 16.16 square inches. 
End A straight-grained. 
End B compressed area covers two knots. 
Oast-iron block pressed against wood. 



END A. 



Loads ap- 
plied. 



Pound*. 

1,616 
3,232 
4,848 
6,464 
8,080 
9,696 
11,312 



Ponnds per 
square inch. 



Indentation. 



Remarks. 



o 

100 

200 

300 

400 

500 

600 

700 



Inch, 

0. 

0. 

0. 

0. 
.01 
.02} 
.05 
.46 



W indentation. 



END B. 





1,616 

3,232 

4,848 

6,464 

8,080 

9,697 

11, 312 

12,300 

12,928 

14,544 



S. Ex. 1- 



i • 

100 
' 200 
1 300 
400 
500 
600 
700 


0. 

i '• 

.•1) 

.03 

.03} 

.03} 

.04 

.05 

.09 

.15 


• 

jV' indentation. 


800 
900 
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No. 715. 

White Pine. 

Size of specimen, 6" x 4".4 x 24" long. 

Compressed area, 4 // .02x4 // .02 = 16.16 square inches. 

End A straight-grained. 

End B compressed area covers knot If" diameter. 

END A. 



Loads ap- 
plied. 



Pound*. 

1,616 
3,232 
4,848 
6.464 
7,800 
8,080 
0,696 



Pounds per 
square inch. 





100 

200 

300 

400 

500 " 
600 



Indentation. 



Inch. 

0. 

.01 
.02 
.02 
.03 
.05 
.08 
.28 



Remarks. 



^r" indentation. 



END B. 









0. 




1,616 


100 


0. 




3,232 


200 


0. 




4,848 


300 


0. 




6,464 


400 


0. 




8,080 


500 


.01 




9,696 


600 


.01 




11, 312 


700 


.01 




12, 928 


800 


.02 


, 


14,544 


900 


.02* 


i 


16, 160 i 


1,000 


.03 


i 


19, 100 ; 


. . i 


.05 


! wW" indentation 



No. 716. 

White Pine. 

Size of specimen, 6" x 4". 4 x 24" long. 
• Compressed area, 4".02 x 4".02 = 16.16 square inches. 
End A straight-grained. 
End B compressed area covers a knot 2£" diameter. 



Loads ap- 
plied. 



Pounds. 



1,616 

3,232 

4.848 

6,464 

8,080 

9,696 

11,312 

12, 928 



END A. 



SSEVSf. fc.dem.tion. ! 



\ 



Remarks. 





Inch. 







0. 




100 


0. 




200 


0. 




300 


.01 


1 


400 


.02 




500 


.04 


i 


600 


.05 


1 Vo" indentation 


700 


.14 


t " w 


800 


.31 


' 
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END B. 









0. 




1,616 


100 


.004 ' 

.ooj , 


3,232 


200 


4,848 


300 


.004 




: 6,464 


400 


.004 


1 


►" 8, 080 


500 


.01 1 


9,696 


600 


.01 ! 


11, 312 


700 


.02 


12,928 


800 


.02 1 


14,544 


900 


.024 


16, 160 


1 000 


.03 




23,400 




.05 


)V indentation. 


25,856 


i.'eoo 


.13 





No. 717. 
Yellow Pine. 

» 

Size of specimen, 5".50 x 4".50 x 24". 

Compressed area, 4".02 x 4".02 = 16.16 square inches. 

End A straight-grained. 

End B compressed area covers a knot 2£" diameter. 



r 









END A 


• 




liOadB ap- 
plied. 

_ 


Pounds per 
square inch. 


i 
Indentation. | 

1 


Remarks. 


Pounds. 






Inch. 












0. 




3,232 


200 




0. 




6,464 


400 




0, 1 




9,696 


600 




0. 




12,928 


800 




.004 




16, 160 


1,000 




.004 




19,392 


1,200 




.03 




21,080 


1,300 




•S?l 




22,624 


1,400 


{ 


.044 I 

.05 »y' indentation. 


24,240 


1,500 




.13 




25,856 


1,600 




.18 | 









; 


END B 


i 







0. 




8,232 


200 




.004 
.00} 






9,696 


600 








16,160 


1,000 




.004 






22,624 


1,400 




.01 . 






29,088 


1,800 




.02 




 


39, 100 






.05 


-,v 


indentation. 
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